



















































SURFACE 


A very outstanding feature of SC Standard 
Furnaces is that they are rated. With the aid 
of simple charts and curves listed with each 
furnace, you yourself can predetermine 
every important factor—such as gas con- 
sumption, time to heat a cold or warm fur 
nace to temperature, time to heat a load with 
the furnace at temperature—in fact, you can 
determine every important factor influencing 
production and costs—before starting the job 

you can take the guess out of heat treating. 


Many concerns make it a practice to keep 
a detailed analysis of each individual fur 
nace heat so that the results can either be 
duplicated or bettered on a subsequent heat. 
However, often to their dismay identical 
settings do not produce identical results. 

























This is caused by varying air-gas ratios 
common to burner equipment not provided 
with automatic proportioning inspirators for 
mixing the air and gas. Incorrect mixtures of 
air and gas retard the rate of heating, cause 
scale and decarburization, resulting in fuel 
losses often amounting to as much as S0‘.. 


With SC Standard Rated Furnaces you 
can be certain that identical settings will 
produce identical results. SC inspirators are 
automatic proportioning and only one valve 
is required for adjustments. The air-gas ratio 
is automatically maintained and can be ad 
justed to constantly maintain any desired 
atmosphere, reducing, neutral or oxidizing. 

SC Standard Rated Gas-Fired Furnaces 
are available in a large variety of different 
types and sizes. There is a correct SC Stand 
ard Rated Furnace to meet your exacting 
requirements. Ask for Catalog. 


SURFACE COMBUSTION CORPORATION. .Toledo, Ohio. 


COMBUSTION 



















* TOCCO’S new, continuous machine 
actually TOCCO hardens heavy duty 
steel bars, 1%4" x 9", at the rate of 33” 
per minute. Done at a fraction of the 
cost and time required for the previous 
method of carburizing, sizable savings 
have already been effected by one large 
user. The TOCCO continuous unit has 
replaced several carburizing furnaces. 


Bars are hardened to 60-62 Rockwell 
“C”. This high hardness is maintained 
through 80% of the depth of the hardened 
area which is .125’". Service tests prove 
that these TOCCO hardened parts give 
longer life than previously used 
carburized parts. 


This new TOCCO unit (56” 
high, 45” wide and 52” deep) 
fits a machining line easily... 
is adaptable to all cylindrical 
shapes... has fixtures that are 
quickly interchanged. Power is 
supplied by a motor generator 
set. Skilled operators are not 
required. * 






























Write for full information on TOCCO'S 
most recent application of surface hard- 






ening by induction. Investigate the new, 






improved way to cut heat-treating costs. 






THE OHIO CRANKSHAFT COMPANY 
CLEVELAND, OHIO 
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Alloy Blooms, Billets 
and Bars 


Carbon and Alloy 
Seamless Tubing 


Tool and Fine Steels 
Stainless Steels 


Open Hearth and 
Electric Furnace 
Quality 
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THE TIMKEN ROLLER BEARING COMPANY, 
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Man's earliest recognition of the value of steel as a life protector was 
in the making of body armor. Today millions owe their personal safety 
to the development of alloy steel and its use in the manufacture of 


automobiles, buses, airplanes and railway trains. 


The progress made in the production of alloy steel in the United States 
during the last 25 years has made this period one of the most spectacular 
in the entire history of steel manufacture. Within this comparatively brief 
space of time, through the constantly increasing use of scientific methods 
of research and manufacture, TIMKEN Alloy Steel has risen to a posi- 
tion second to none in its field. The reputation for quality and uniformity 


which TIMKEN Steel and TIMKEN Seamless Steel Tubing have achieved 


merits the consideration of every steel user. 


CANTON, OHIO 


Steel and Tube Division 


____ TIMKEN. 


ALLOY STEELS 
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monthly; subscriptions $5 a year. Entered as second-class matter 
Feb. 7, 1921, at the post office at Cleveland, Ohio, under the 
act of March 3, 1870. 




























SCALE-FREE Vapecaré HARDENING 


Used in the mechanism of the Lewis invisible-stitcl ind helps the heat-treater quench tor desired structure 
——e TACENRE, these torged-steel parts are yee 2. Parts are kept cleat = Gente % ' 
. ( te. . ’ > } . . 11 ¢ lé ts } ] 
lard handle heat-treatment found in many plan ittmosphere [here's no scale or pitting; no sott spots 
\fter long experience, the Lewis company preters nothing to create rough surface or interfere with quench 
Vapocarb-Hump hardening to any other method for — efficien 
thie work wel wewal ¢ . ' 
thi VOTK Chey have seveTali reason 2 An , ” ever rtant ict 
] Rejects due to heat-treatment are almost uw ibout turnace operatior rate of heating, critical, quench 
known Parts heat uniformly, Control is automat point \s long this record lable. result ul 
The well-known “Hump” on the chart shows the critical he duplicated at anv time 





Write for Catalog 7-621, “Vapocarb-Hump Hardening’ 
one LEEDS & NORTHRUP COMPANY, 4927 STENTON AVE., PHILA., PA. 


Mm; LEEDS & NORTHRUP 











MEASURING INSTRUMENTS - TELEMETERS +- AUTOMATIC CONTROLS + HEAT-TREATING FURNACES 


Ad T-621(25) 
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Us Bethlehem Alloy Steel 


steels were used in the construction of the carriage. 


When United Air Line’s new, larger sleeper planes 
go into service, passengers will find it difficult to tell 
when they have landed. For these giant DC-4’s have 
the so-called tricycle landing gear; the tail never 
touches the ground; the passenger compartment 
always remains level. 

The first heavy-duty tricycle landing gear—with 
a wheel under the nose instead of under the tail— 


was on the first Douglas DC-4. Bethlehem alloy 





Bethlehem alloy steels are often used in “‘firsts.”’ 
They were used in the Spirit of St. Louis and in 
Hughes’ record-setting plane; they are being used in 
the Clippers. Such preference is the natural result of 
Bethlehem’s half-century of experience in making 
alloy steels to handle specific tasks. You get the 
benefits of this long, intensive experience when you 


buy Bethlehem alloy steels. 


BETHLEHEM STEEL COMPANY — 


Vetal Progress; Page 696 














Tite ae " 
ae 4 wie 2 = 
an A > a 


at hoe 


« a 7“ ‘ 


Lia 





ty 


sal beach ’ 
SEOs xy Sos 
= a Oe 


ph * 
Pe 2S 
Lape ots, Set 





a ‘ —-_ _ 
oe 


me — 
Pens, 







‘oud 








f , 
ee “wer = 





a ap gy 


































7” 


ae 


rte 
ES 
a 
: 
i ‘aa 
cat 
YS 
Rae 
> 34 
€ 
iv 
2? 
bic 
by 
> 
A 
ih 


i 
- 
ar 


ncaa 
ap, 


Case, 


PRCT 


—— a bs a ~ he 
RS ES 


i 


lees 


“The Plant Wizard” of America. Known through- 
out the world for his remarkable success in improv- 
ing the plant life of nature and creating new ones. 


Acting upon his theory that “A weed was only a 
plant out of place,” he developed them into plants 
whose flowers rivaled his most famous kinds in 
fragrance and beauty. 


He added more wealth to the United States, than 
all the gold taken from the mines of California. 


There is no leadership more lasting than his, 





a ae NI TreRMatioy the EVE of QUALITY Ne Breen 
N — ELECTRO ALLOYS COMPANY 4 


cas VGS (OR HEAT CORROSION 
ELYRIA, OMTO 
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PYRAS 


for longer Service 
at high temperatures 















For moderate temperatures ... up to 1500 F.,... PYRA- 
STEEL No. 14 has earned a high reputation as a thrifty 
alloy. 
\ There are innumerable applications, where buyers feel 
that the more expensive alloys are not justified, but where 
carbon steel proves entirely inadequate. While PYRA- 
} STEEL No. 14 may be called an “in-between grade.” it is 
by no means to be considered a cheap substitute. 


The analysis of PYRASTEEL No. 14, both chemical and 
physical, is well known to engineers in many lines of in- 
dustry ... and is a standard material. 


PYRASTEEL No. 14 is a material of high tensile strength 
with good resistance to corrosion, as well as to temper- 















* 


* 
‘ 








atures up to 1500 F. . . .and it is easily machinable. 
ae ay ‘ene “ao a 
No. 14 
NOTE: Remember that PYRASTEEL also comes in 


other grades for applications up to 2200 F., and it 
has the highest tensile strength at high tempera- 
tures of any known alloy. 


PYRASIEEL 


We have prepared an illustrated bulletin on 
PYRASTEEL No. 14, giving complete engi- 
neering data, which we shall be glad to send 
free on request. 





Write for Your Copy 





CHICAGO STEEL FOUNDRY CO. 


Kedzie Avenue at 37th Street, Chicago, III. 


KER F AL Y STEELS FOR THIRTY YEARS 
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These AMPCO METAL 
parts play animportant 
role in the remarkable 
performance of the 
NATCO boring machine 
shown at right. 


Through the alloying proc- 
ess and the “AMPCO 
PHASE”, there is devel- 
oped a structure which in 
actual service has proved 
high in wear-resistant 
qualities. Comparative 
tests reveal longer wear- 
ability, greater resistance 
to shock, and greater 
strength wherever § stress 
and strain are involved. 
These properties processed 
in AMPCO METAL are not 


found in any other bronze. 


AMPCO METAL, INC. 








IS AMPCO 


METAL PARTS 
YSED [IN THIS NATCO 
MACHINE 














N this high speed NATCO machine which performs 
all the core drilling, rough, semi-rough and finish 
boring operations on the Welch plug holes and cam and 
crankshaft bearing holes at the remarkable rate of 90 
eylinder blocks per hour — a total of 58 AMPCO METAI 
parts are used to insure long life. 
These 58 parts, with a Brinell hardness of 285-302. are 
used as guide bushings. AMPCO GRADE 21 is used 
wherever there is excessive speed between the bar and 
bushing, for AMPCO will not gall and seize as will steel 
and yet it has the wear resistance necessary for 


holding exact tolerances over long periods of service. 


File 40 the bound volume of AMPCO Engineering 
Data Sheets shows some noteworthy applications 
and characteristics of AMPCO METAL. It may solve 
a vital problem for you write for File 10 today. 


Dept. MP-12 MILWAUKEE, WISCONSIN 





.. . distinguished 
by this mark. 
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‘urrent Production Step-Up ealls for 


“CARBOFRAX” HEARTHS 





















YOR vears “Carbofrax” hearths have 
| been famous for the w ay they speed 
up furnace Operations and reduce costs. 
But now, with the current step-up in pro- 
duction, the advantages resulting from 
their high heat transfer are more impor- 
tant than ever. Every day more heat 
treating furnace Operators are turning to 
“Carboftrax” hearths for 
|. Faster furnace operation—quicker 

“‘come-hack fe 
Greater production from each furnace 
Lower fuel cost per pound of metal heated 


wv 


Dante Sule Bra j i) we, P i a, Ube rit, ¢ hi Pitt«burgl 


Company, St. Loui a; H on & Co nv, Salt Lake Cit , Pacific Abr 











i. More uniform quality of work {bottom of 
work is heated at same rate as top} 






But that’s not all! “Carbofrax” gives you 
these advantages, yes, and it keeps on giv- 
ing them to you because of its long 
trouble-free life. If you want to step-up 
production and turn out better work at 













lower costs...if you want assured free- 
dom from furnace interruptions and 
delays... be sure to insist on “Carbofrax”’ 
Hearths and Supports in new furnaces 
and for all re- 


ylacements. sagem 
emai CARBORUNDUM 










THE CARBORUNDUM COMPANY, REFRACTORY DIVISION, PERTH AMBOY, N. J. 


ents MeConr ‘ Sale und Engineering Corp., Birmingham, Ala.: Chrix<tv Fire Brick 


Co.. Los Angeles, San Francisco, Seattle; Denver Fireclay Co., El Paso, Texas: 
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COPPER ALLOY BULLETIN 


Reporting News and 


Technical Developments of Copper and Copper-Base Alloys 
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STEAM TRAP PARTS SHOW 
ADAPTABILITY OF BRASS 


The ease with which brass can be adapted 
to different fabricating processes for the 
production of a variety of shapes is admira 
bly illustrated in the Thermo-Static Steam 
Traps manufactured by Sarco Company, 
Inc. These devices apply the principles of 
steam trapping to high pressure heating 
and industrial process work, and are used 
for pressures up to 200 pounds. 

Part A in the photograph is made from 
round bar stock, B is pressed from sheet 








and F are made from brass tubes. 


metal, C 
D is made from tubes ar 


fabricated into tubes 


id also from discs 
Sarco. E 


by 1S 
formed from 


1 hexagon bar stocl 





Chromium Plating Method 
Produces Heavy Deposits 


\ new method for chromium plating 1s 
reported to be adapted for the production 
of heavy bright deposits. The method uses 
an a } 


grams of cl 


ueous solution containing about 25 
acid and 1 to 5 
of sulphate per liter. A current 1s passed 
t article to be plated (which forms 
the cathode) at a density of at least 2 
amperes per square inch. Temperature of 
the bath 10 and 90 


degrees € 


iromic grams 


o the 


is maintained between 





SPRING QUALITIES OF PHOSPHOR BRONZE 
GIVE WIDE ENGINEERING USEFULNESS 


Strength, Ductility, Conductivity, and Corrosion Resistance 
Are Other Factors in Its Extensive Use in Many Applications 


Notable among the copper alloys for it ed as the ost il tor 
unique combination of desirable engineer many specialized applicati 
ing properties, phosphor bronze is recog rhe phosphor bronzes are a 
~ — per and tin with small amounts ol } 
horus. Two different composit al 
Self-Cleaning Shower Head wai ae 52 Gueciivetions 4 


ye 


Makes Copious Use of Brass first is Phe 


tin and 0.05 to 0.10°7 | shorus. wit 
the remainder copper. P br e ¢ 
Novel idea in shower heads is the pat contains 8% tin, with the same amount 
ented self-cleaning feature of the Any of phosphorus as the A The pl 
stream Head, manufactured by Speakman nhorus serves as a deoxidizing agent. iust 
Company, Wilmington, Del. The Any as it does in deoxidized conner. but it aleo 
stream Head never stops up. The conven- creases the te , 


tional holes for the spray are replaced by 


Used for Spring Parts 


ngers that give normal or needk 


a set of plu 
manulacture Ol spring part om 


non nt fit i wh 


Here it vh elasticity 


* outsta 


hor bronze. 








| resistance to fatigue under repeate 
| j ire } ible. Since r bror 
o has fair electri < I it 1 
| ext \ used in swit ind contactor 
irt ind ce ¢ ) ] | { Dehow 
| re another important us 
Other a icatio ‘ bronze 
ire the result of its high tensile strength, 
showers at the turn of a handle. A further ductility, and resistance to corrosion by 
turn of the handle gives a floor spray that 
quickly washes away all sediment. | 
For long life in this unique head, Spea 
man Company uses brass. Outer section | 
of the head is cast. The plungers, lever 
handle, the clips hol r plungers to face 
late, and the screws holding the face plate 
to the head are all made from brass rod 
Acetate and Thiosulphate 
Bath Colors Brass Blue 
A blue color can be obtained ras 
by using a solution of sodium thio yhate 
and lead acetate, it is reported. Suggested | 
quantities are 124 grams of thiosulphate 
ind 38 grams of acetate for each liter « he ole 1 7 » of phosphor 
lution. The thiosulphate and the acetat« < R 
are dissolved separate! each in a |! 
liter of water, and the two solutions are 
mixed just before use. Temperature of the itmosphe ( t imp ind salt 
bath should be about 60 degrees C., it 1 and acid é Si it ; include 
reported. A vellow-gold color is produced | bushings and valve parts. Still another « 
first, and is followed by the blue in about | tensive use is In paper-making n ery 
one uf minute Continued on Following Page, Column 2) 





PREPARED EACH MONTH BY THE BRIDGEPORT BRASS COMPANY 


Headquarters for Brass, Bronze 


and (¢ ‘oppe r 














































COPPER ALLOY BULLETIN 





ALLOYS OF COPPER _ ‘Bra poy: ag apenas. pomnee~csate 
| This is the sixth of a series of articles on the | and dezincification. It is a combination 0 NEW DEVELOPMENTS 











proper and abt wtiov f per a iG , 
nd cor a Rich Low Br these properties that makes possible the 
use of this alloy in apphcations requiring 
7 the ability to withstand stresses without This colum ts items manufactured or 
RICH LOW BRASS failure by deformation or corrosion , ped by many different sources. Fur 
her intormation on anv of them mavy be 
The most important physical properties rs . a 7 a dediinie: Misia Mins 
Wide Color Range Possible 1ined by writing Bridgeport Brass 
of Rich Low Brass (85-15) were listed in ites anit chilies aati Ghadiam 
this column last month. Compared with The color of Rich Low Brass 1s also an to the manufacturer or ether enutce. 


Gilding Met 5-5) or Commercial Bronze important factor in its use. Alloys ranging 
Rich Low Bra appreciab tronger and between 82 and 88% copper show quite \ turret lathe of a new design is intended 


is hardened more rapid!lv by cold workings marked differences in color when the alloy re y for bra work, according to th 
, 3 sill th : i eee leaned and lished. These inufacturer. It has a 16%4-inch swing d 
Other changes in properties, such as con IS property cleaned and polisned. 2 ties designed for high-speed operation. It is 
ductivity. coefficient of expansion. and den- ight differences in color have led to the nr 1 with a direct two peed drive. and 
ity, vary more nearly in proportion to the use of several alloys of only slightly differ- 1 to feat utomatic control of the 
, t 1 thy ' hick , 
increase in zinc content. Effects of cold ent copper content, depending upon the ind the reverse, Wik 
) 1D t Ve ent i i 1dcxX Vv [ 


working and anneali 





ling wire of this alloy exact color desired. Most of such alloys » ewan 4 turret 
: ; ns yt pac ia in lexagon turret 
are shown 1n the accompanying graphs. find their use in the jewelry trade. a A 
' ;, , a - , ’ A brightening agent 1id to be suitable 
rhe high strength and ductility of Rich rhe alloy is also used to a considerable as 08 gag 45 
: ior add 1 to any tandard nickel tion 
extent tor water pipe and condenser tubes | inorder to produce a bright, lustr deposit 
[ ; a because of its resistance to dezincification | It i aid to work equally well 1n « 
a oes t rh re or «ct | 2 
| = and a slightly greater resistance to fatigue Pp tanks. Bright 
| , 1) t aepe isu 1 as an indicat 1 ol 
syacts We than high copper content alloys. Occasion- for net lic additions of the bright 
| ~ se. od : rot dae : lor periodic adaitions of the Drightene 
| « | ally the alloy is modified slightly by the : ; 
/ S 2 aes ’ ke A rack coating is reported t r-drv much 
" / : | addition of small quantities of tin, in the ys ‘ 
. | 23 F oz ; : faster than the usual coatings. Dipping speed 
3 y | r + belief that this increases the resistance to hout { times as fast. it 1s said. Coating is 
“ | = | corrosion. I Vv VIS ty, producing thin coatings. Ac 
«we EI @..%z ‘ . 1 7 ne te th wniifacturer 1 tar or <1 ] 
t . = The subject of Rich Low Brass will . ke ul 1 fe rer, TO +S pec 
. : treatment 1s needed for applying the coating 
zs be concluded in next month’s issue ‘ : Se 


N 
z 
—— 
s 
S 
PER 


A spray tank is especially designed for 
2 ng racked parts tn electroplating. Alter 
| ree | i nate spray streams circulate both clockwise | 














z ~ 
eal I / , nd ies , 
z¢ / / - . we and counter-clockwise, and are interrupted 
ES | : | 2 Memos on Brass—No. 4 by straight line streams to produce a 1 
s w| ' e/ ot — . plicity of spray eddies, it 1s reported. The 
2 F r cl that the method allows water 
= | > The composition of brass can be gs ranging from 38 to 86 per cent and | 
L ee So readily modified for specific require- t avings up to 65 per cent. 


INEALING TEMPERATURE - DEG. CENT me nt & Phe addition of lead, f r ex A solder pot is designed for dipping sm: 

a 7, a ample, results in a free-cutting alloy and delicate parts. Inside dimensions of unit 

Copper-Zine A admirably adapted for high-speed re 234 by 14 by % inch deep. Solder capac 
| 


automatic screw machine operation. 











A tapping machine is air-contr d and 

















I 1 capa ip to %-inch diameter in 
Ar iutomatic valve 1s 1 to control 
actin ”~ tl peed with which the tap fed into the 
ney a a work and 1 rsed. Foot pedal starts and 
z \ z top t tapping cv« . which 1 then con- 
“ Sf © a2 (Continued from Preceding Page, Column 3) { 1 by the automatic valve. 
" \ 2 ; 
3 bh » 2 A heavy-duty blowpipe is said to b 
E 0 wT wwe Bridgeport Brass Company, with its BAC SOF WOKING SNE Heating Tang hey 
; ; t e which « be |} ‘ ‘ 
“ | } > comprehensive manulacturing facilities, 1s : It t heat to a 
“ ‘ , { 4 ait at 4 | 
~*~ , ste | Inan excelent position to supply phosphor ( zed al 
r | \% < bre of the high quality demanded by 
e I x 3 . _— 1 by \ new electrode 1 to produce suc- 
2 | \ users of this versatile alloy. Its up-to-the- cessful welds in non-ferrous metals. It consists 
« @ | wn) ‘ 
& \ . minute rolling equipment permits the use f a tube threaded or tapered at bottom to 
\ z 2 t-1 . ay rd u —- nel wh 
“ " of larger bars for rolling sheet and strip ease 4 ee Wee * » and a lignt inne 
e, * : Wiig : "am cat 6 Sr ibe of flex copper 1, with pr n 
¢ boas When these larger bars are used, the casting rv , g attachments. It is reported 
rm is sounder and more homogeneous— an es- that only the welding tip, the inner tube 1 
=.  —— ecially important factor in the case of the water-cooling attachments are moval 
4 &« * we : . : } rrang nt ‘ iker. cde ‘ 
PERCENT REDUCTION BY DRAWIN phosphor bronze. Bridgeport will be glad to I OY be ne ven “ 
, ' , ( il I c g part. an 
+ Des ee ee ae discuss with prospective users the suitability nermits 1 h more rap f th 
Effes ( D g on Mec Prope I I ich more rapid rent of the 


Copper-Zine Alloy of phosphor bronze for specific applications eles 





PRODUCTS OF THE BRIDGEPORT BRASS COMPANY 


Exvecutive Offices: BRIDGEPORT, CONN.— Branch Offices and Warehouses in Principal Cities 


SHEETS, ROLLS, STRIPS—Zrass, PHONO-ELECTRIC* ALLOYS— COPPER WATER TUBE AND FIT- BRASS, BRONZE, DURONZE 


bronze. cop lhuroy fc amp- High-strer t TINGS |! he WIRE—For cap and ma rews 

ing. deep drawir forming and spin- senger wire and cable. derground yj it wood screws, rivet bolts, nuts 

ner WELDING ROD For repairing cast DURONZE ALLOYS - Hich-strenet} FABRICATING SERVICE DEPT.— 
! tes fabricating A bronzes forcorr ior I neerir taff pecial equipment 


CONDENSER. HEAT EX- fe bronze tat * Sen gyeiner ir magi gece sant song ~ 
CHANGER, SUGAR TUBES—For *com Dronze ‘ant ‘ Brass =p (BOSSES OommOmerS, Mare pipette ee ee 
steam surface condensers, heat ex- LEDRITE* ROD -For mak- “Bridgeport #"¢ _ net rotted sheets BRASS AND COPPER PIPE— 
changers; oil refineri« and process ing t a- Xo for tanks roller eaters, Plun ° r 


2utoma ew nr rite f } mbing under- 





industri chine pr flues, ducts, flashings. ground and industrial services 


*Trade-name M 


BRIDGEPORT BRASS 

















MLY Bsight Week 


G-E Atmosphere-Gas 
Converters Give You 
Consistent Results 


Get UNI 





NEXPENSIVE protective-atmospher« 

gases, controlled to a high degree of 
uniformity regardless of demand, are pro 
duced by G-E atmosphere-gas converters 
Several hundred are now in use for bright 
annealing,electric-furnace brazing,and scale 
free hardening 





Types of Gases 

G-E converters produce inert and reducing 
gases. Reducing mixtures have unusually 
high hydrogen and carbon-monoxide con 
tent: therefore, moisture removal is seldom 





required. Inert mixtures contain mostly 
nitrogen and CO... Oxygen content is zero 


Cost of Operation 








The cost of these atmosphere gases is no 


A COMPLETE LINE 
more than ordinary gases from converters 


G-E atmosphere-gas converters range in size Oo ID ) roportio 7 CO 
from 200 to 25,000 cth for use with coke. ont a Hy. pc ciggan se tor tage, “gga 
oven, natural, propane, or butane gases. For Pye i Oy 8 Wee Oo See ee Com 
additional information, ask for the new G-E 
bulletin, GEA-2948. 


t 
of the fuel gas consumed by the converter 


Other G-E Heating Equipments 











G.E. can also supply accessories, such as 
4 , refrigerators, dryers, sulphur removers, CO 
Big Features of G-E Atmosphere-Gas Converters producer, CO-CO, conversion units, and 
CO. removers, in addition to a complet 
| <] . line of electric furnaces. Consult a G-E 
- Gas-combustion heating specialist—he will be glad to help 
Controller—this device nese Camere’ Binctcic Gchenectedy MY 
assures constant-analysis . = — 
gas. It automatically 
opens or closes inlet 
ports in proportion to 
the rate of flow, and thus 


_ 3 Visual Flowmeters —calibrated in cubic feet 
per hour to show the flow of gas and air. Mounted 
side by side, the air-qas ratio can be seen at a glance 


accurately maintains the 
4. Straight-tube Surface Cooler—sizes 500 cfh 


and larger have a removable bundle of straight, easily 


cleaned, corrosion-resisting brass tubes 


ratio of gas to air 


v 


<2. Catalyst Brick — 
the combustion chamber 
is filled with a specially 
treated brick that assures 
complete combustion 
and dissociation. Gives 
high-hydrogen content, 
low-residual hydrocar- 
bon, and no oxygen e 


GENERAL ELECTRIC PROVES FURNACE PERFORMANCE WITH LABORATORY TESTS 


GENERAL @ ELECTRIC 





160-89 











This die was an actual job. We hardened it perfectly, despite the 














heavy outer shell, and the inner “honeycomb” section where the steel 
between the holes was almost paper thin. 


For more than 20 years we have specialized on 
hardening Tools, Dies, and Molds. Every day (and 





night) you will find 46 skilled men here, treating hun- 
dreds of exacting jobs—different shapes and sizes— 
every known make and brand of steel. Seventy per 


cent of our volume is “fussy” work. 


More than 2,000 manufacturers (many in distant 


States) entrust us with heat treating work. Lots of 





these firms have been customers of ours throughout 


all the years we've been in business! 





What better guarantee of quality, fair price, and 








good service can anyone give? 


HIGH SPEED TOOLS 
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COMMERCIAL HEAT TREATING 


SELELTON 


These heat treaters can solve those ultra-tough or unusual problems—or they can do your 
complete heat treating job, including carburizing, cyanide hardening, 
nitriding, tool, die, high speed steel and high carbon 


chrome steel hardening, etc. 


-“ 


BOSTON 


New England Metallurgical Corporation 
9 ALGER STREET ¢ SOUTH BOSTON 3313 


-* 


CHICAGO 


Lindberg Steel Treating Company 
218 N. LAFLIN STREET * WALKER 5-2666 


-* 


CHICAGO 


Pertection Tool & Metal Heat Treating Company 
1740 W. HUBBARD ST. © HAYMARKET 2024-5-6 


-* 


CINCINNATI 
The Queen City Stee] Treating Company 
2978 SPRING GROVE AVE. ¢ KIRBY 3161 
x» 


CLEVELAND 


The Lakeside Steel Improvement Company 
5418 LAKESIDE AVE. * HENDERSON 9100 


™» 


DETROIT 


Commercial Steel] Treating Corporation 
6100 TIREMAN AVE. © TYLER 6-6086 


“a 


DETROIT 


Commonwealth Industries 
5922 COMMONWEALTH AVE. ® MADISON 0573 


-* 


ELIZABETH 


American Metal Treatment Company 
ELIZABETH 2-212] 





MILWAUKEE 


Wesley Steel Treating Company 
1321 W. PIERCE STREET * MITCHELL 8767 


* 


NEW YORK 


Heinzelman’s Heat Treating Hardening Wks., Inc. 
154 SPRING STREET * WALKER 5-2666 


¥* 
PHILADELPHIA 
Metlab Co. (Metallurgical Laboratories, Inc.) 
1000 E. MERMAID LANE ¢ CHESTNUT HILL 3500 
. 
PHILADELPHIA 
Wiedemann Machine Company 
1801-31 SEDGLEY AVE. © SAGAMORE 3027 PARK 2258 
- 
PHILADELPHIA 
Lorenz & Son 
1400 N. FRONT ST. ¢ REGENT 7722 EAST 8255 
»* 


PITTSBURGH 


Pittsburgh Commercial Heat Treating Company 
3708 LIBERTY AVE. © SCHENLEY 2188 


» 


WORCESTER 


Greenman Steel Treating Company 
284 GROVE STREET © 4-4024 


» 


The experienced commercial heat treating com- 
panies listed above are as near as your telephone 
... give them a call ... they'll be glad to hop 


over and help with your heat treating problem. 





re 
a cr 


= 


LAREN 
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Is there a Skeptic 

















a Using I S-S Controlled Steels 
these tin snips have been easier t torde 
In addition the drilling operation has 
been more satisfactory ind heat treat- 
ment has been more uniform. Better tap- 
ying, grinding and polishing practice has 
heen possible 
2. U-S-S Controlled Steels have in- 
eased the physical properties of our 
tormed and heat treated chain by at least 
25 We find the steel for our require- 


ments is now at a very high standard of 


juality and of dependable uniformity 


a Since using | S-S Controlled 
Steels there has been far more uniformity 

1 all the processing operations, and many 
troubles have been eliminated. Better 
cutting of teeth, and hardening with less 
breakage and warpage are characteristics 
of the use of U-S-S Controlled Steels.’ 


4. ‘In making Stillson wrenches per- 
formance has proved U-S:S Controlled 


Wk QUOTE THESE FACTS 





Steels far superior f iniformity has 


given these wrenches the ability to meet 
practically double the strength require 
ments. \Mlade of U-S-S Controlled Steels 
side cutting pliers have shown greater 
strength and longer life. Response to case 


carburizing and heat treatment has bee 


excellent 


5. U-S-S Controlled Steels, used for 
connecting rods, have proved advantage- 
ous in many wavs. Ease of forging, uni 
formity in heat treatment and well-filled 
sections are characteristic. Also, freedom 
from trimmer cracks and quench cracks 
was noticeable, as well as marked tough 


ness after heat treatment 





6. With U-S-S Controlled Steels re- 
runs on ring gears have been consider- 
ibly reduced, the majority now being re 
run for size only. Satisfactory pertorm- 
ance has been noted with both fine and 
coarse grain steel, grade selected accord 
ing to definite requirements.’ 
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| in the House 





YHEN we first announced Controlled Steels the 
VW Doubtinge Thomases had a field day. When we said 
that we could produce carbon steels in which a// quality 
factors could be predetermined, in which variables could be 
scientifically eliminated, they were definitely from Missourt. 

Now, only atew years late r,many ot the mare among the 
largest users of U-S-S Controlled Steels. lhe drastic sav- 
ings made in plants all over the country, due to better ma- 
chining—reduced heat-treatment costs—easier forging and 
forming and more consistent and uniform production 
generally have proved the case for U-S-S Controlled Steels 

Today in shops whose combined cost reductions run into 
hundreds of thousands of dollars yearly, they swear by 
these superiol! carbon steels. 

In U-S-S Controlled Steels, control goes further than 
the mere close adherence to che mical Spec incations It has 
to do with control of other \ itally important prope rties 
forging and machining qualities, response to heat-treat- 
ment, ductility, ete.—which so largely determine whether 
production In the steel user's plant will be wasteful or 
economical. 

In U-S-S Controlled Steels we have proved it quite Pos- 
sible to furnish not only fine grain or coarse grain steel as 
required, but to maintain uniformity in shipment after ship 
ment. Thus tool set-ups, heat-treating and forging pro- 
cedures, once established for the steel, require minimum 
change. Reduce d costs and better re sults follow as a matte I 
of course. 

Why not invite one of our metallurgists to look over your 
production line? If Controlled Steels will save you mone, 
he will show you how and where to use them to best advan 


tage. It costs nothing to have him call 


Controlled 


Steels 


CARNEGIE -ILLINOIS STEEL CORPORATION 





Pittsburgh and Chicago 


Columbia Steel Company. San Ff rancis« 


United States Stee! Products Company, New Y k. ap ributor | 
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balancing sensitivity 


Another feature of BRISTOL'S WIDE-STRIP PYROMETER 


contributing to fine performance 


In responsiveness, too, this modern Bris 
tol's Wide Strip Pyrometer will amaze you 
with its impressive performance. The in- 
stant the temperature changes, the galva- 
nometer feels the change. Instantly the gal- 
vanometer pointer responds, even to slight 
temperature fluctuations so minute that the 
corresponding pointer deflection cannot be 


detected by the naked eye. 


Then, because for such small galvanometer 
deflections the chopper arms have a contour 
that is smooth and continuous, corrective 
action is immediate. It is of just the right 
amount to make possible precisely accurate 


control, 


The mechanical backlash in the chopper 
arms is completely taken up on each peri- 
odic movement. No clearance between 


chopper arms and pointer is required 


Feature after feature! All contributing to 
fine performance, and accurate temperature 
measurement and control. That is the story 
of Bristol's Wide Strip Pyrometer. Write 


for Catalog 1452H 
THE BRISTOL COMPANY 
WATERBURY, CONNECTICUT 


Branch Offices in Principal Cities 


CRAFTSMANSHIP you can see at a glance! Retlecting throughout the simplicity, 
beauty and perfection that identify the genius of the master craftsman, this Bristol's 
Wide-Strip Pyrometer possesses many other interesting features that you will want to 
know about. The following will be discussed in subsequent advertisements: (a) Circuit 
automatically standardized, (b) Electric balancing, (c) No lost motion, (d) Visible 
operating mechanism, (e) Extra wide 12! 
(2) Large easy to read scale, (h) Automatic cold junction compensator 


BRISTOLS 


IT 1de-strip Pyrometer 


CONTROLLING * 





RECORDING * 


inch chart, (f) Duplex slide wire accuracy, 
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MULTIPLE RECORD MODELS 
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7 to resis M AGIC on 


if you harden springs, stampings, or 
other small parts here's a really sim. 
ple way to improve your product and 
save plenty of money doing it. 





Have you often wondered how you could harden 
your springs, stampings, and other small parts 
without scale or discoloration? You can, and not 
only harden them without scale or discoloration 
but harden them absolutely bright so that their 


original shiny surfaces are preserved intact. 


Thus, you no longer need remove scale from 


hardened parts by means of pickling, sandblast- 





ing or other cleaning operations. Hydryzed parts 
look better because of their smooth, shiny sur- 
faces, and take a smoother plating job because 
there are no pits due to scaling or subsequent 
cleaning operations. We'll be glad to Hydryze 
a batch of your parts to demonstrate the many 


savings possibilities of Hydryzing. 


LINDBERG ENGINEERING CO. 


222 No. Laflin St. Chicago, IIl. 
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FIRST DRAW OPERATION 


SECOND DRAW OPERATION 


FINAL DRAW OPERATION 


—+ 


CAPPING OPERATION 





Aluminum is formed like any other metal. Standard 
equipment and the usual skilled labor are employed. Its 
excellent working properties, however, contribute greatly 
to the economic production of finer products. 

Metal workers will be interested in the steps by which 
Alcoa Aluminum beer barrels are formed in regular pro- 
duction-line manufacture. Three progressive draws and 
a fourth capping operation completely shape a_ beer 
barrel half, ready for assembly by the welder. 

Dies and depth of draft, of course, take into account 
the individual characteristics of the alloy being used. 
That’s part of the “know-how” gained by Alcoa engineers 
in vears of dealing with the fabrication of Aleoa Aluminum 
Allovs. This information is available to vou. ALUMINUM 


Company or America, 2101 Gulf Bldg., Pittsburgh, Pa. 
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Binks Manufacturing Company of Chicago wanted 
to produce an air compressor for paint spray work, 
which could be carried about easily. It had to be 
sturdy enough to withstand hard usage. They say, 
“Naturally, we turned to Aluminum.” 

The resulting unit, shown below without its stream- 
lined cover, weighs only 44 pounds. It is carried like 
a small suitcase. The Alcoa Aluminum die castings 
pictured here are important contributors to its light 
weight and compact sturdiness. 

The die casting process gives an accuracy of dimen- 
sions and a fineness of surface and details which 
greatly reduce fabricating time and costs. Have you 
investigated the use of Aleoa Aluminum die castings 
as a means of improving your product and cutting 
costs? Our engineers will gladly help vou make such 
a study. ALuminum Company or America, 2101 


Gulf Building, Pittsburgh, Pennsylvania. 
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FAST HEATING BUT 
NO OVERSHOOTING IN 
MICROMAX CONTROL 


baking h. 


minutes Of a 


every hive 


load ot 


light metal stampings, the Micromax 


hurnace 


Klectric Control equipment shown 
«low relieves Operators of all super 
ision of the heating ind leaves 
them nothing to do but load the 


cars and slide them into the 
Micromax-actu 


furnace 
furnace when the 
ited lamp comes on 


Changes in weight of load, changes 
in 

and 
bles 
cally 
for 

altect 


fuel 
all other varia- 


pressure, 
are automatt- 
compensated 
and cannot 
the heating. 


Parts being an- 
nealed are destined 
for subsequent 
stamping and deep- 
drawing opera- 
tions, and the an- 
neal is so uniform 
that rejects due to 
heat-treatment are 
almost unknown. 





Any other fuel- 

te fired furnace 
MI x batch, car-bot- 
tom, or continuous 
belt-fed could use this identical 


Micromax Control, without removal 
part. 


or addition of a single And 


temperature would 


be held as closely as 


furnace design and 
OnsSstruction per- 
mit \nv plant 


an standardize on 
Micromax Control, 
protection 
of product quality 
and ot 
manufacturing 


costs. Catal N.- 


on 
mre 


for the 


reduction 





OOB, Micromax 
le« i 
Klectru ( ontrol ? Bal eed ob wel 
explains the Con- furnace, and Micr 
j Electr ( ntrol 
trol, and our en- Sie 


gineers are always 
ready to help vou apply it. 


New Catalog of Lab Instruments 


All L&N 


potentiometers, 


laboratory and _ test 


bridges and acces- 


sories, as well as all our other high 
precision laboratory instruments, are 
brietly described and priced in our 
ondensed Catalog E, just published 
for the first time. A copy will be 


sent on request. 


wu) 





THE PROBLEM: 


To Hold Zinc at 
Cc " . T * 





Pp 


THE SOLUTION: 


Careful Operation Plus 
Micromax Controller 
and Valve Drive 





It’s Easier to Put Zinc 


on Steel 


When Micromax Controls Its Temperature 


Because correctness ot tempera 
ture is now a “must” for first-rate 
galvanizing, a pipe-fittings plant 


recently put the temperature-contro! 


problem squarely up to Micromax 
And Micromax is making the work 
easier, In at least 3 wavs 


id foremen can read 
and from 


Even 


1. Workmen at 


temperature, at any time 


the 


anv distance withu room. 


who can't sign their 


men names can 
tell temperature by the clock-like 
dial Everyone is completely in 


formed 


) a 


mtrol is extremely accurate 


he micro-responsiveness ol 
carried 


because I 
the Micromax instrument is 


Write For Catalog N-33A 





MEASURING INSTRUMENTS TELEMETERS 
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LEEDS & NORTHRUP COMPANY, 4927 STENTON AVE., 


LEEDS & NORTHRUP 


AUTOMATIC CONTROLS 


hrough directly to gas and an 
ilves. Never moving widely, these 
ilves are evertheless almost COl 
stant slight motion— just as 
ough the foreman himself were 


perating them to head oft temper! 
} 


iture swings and keep them headed 


3. Little 


lously little 


service attention- —ridicu 
is required, and neither 


idjustments h 


repair parts nor Ave 
Deen) needed 

\ny furnace, burning any fuel 
an have these same advantages 
from an identical Micromax Con 
trollet You can standardize or 


Micromax 


. ‘*Micromax Pyrometers’’ 


PHILA., PA. 





HEAT-TREATING FURNACES 
































ELECTRITE VANADIUM 
is an 18-4-3 high speed steel. 


HIGH SPEED STEELS Its high Vanadium content pro- 
for every need 





duces increased hardness, pro- 


ELECTRITE NO. 1 
ELECTRITE NO. 19 
ELECTRITE VANADIUM improves cutting properties. Why not 
ELECTRITE TATMO 

ELECTRITE COBALT try an 18-4-3 steel on one of your 
ELECTRITE SUPER COBALT 
ELECTRITE ULTRA COBALT 


Stocked in Principal Cities 


vides greater wear-resistance and 


most difficult machining jobs? 
e 
Ask for our latest bulletin describing 
LATROBE ELECTRITE Vanadium 
High Speed Steel 






lho YE ELECTRIC STEEL COMPANY 
MAIN OFFICES and PLANT -+ LATROBE- PENNSYLVANIA 
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DRAMATIZE YOUR PRODUCT 
THE EASY, ECONOMICAL WAY 


Do it with Carpenter 
Stainless Steel. Of 363 
manufacturers recently 
questioned by the _ best 
known trade publication 
in the product design field, 
198 stated that they were 
using Stainless Steel more 
extensively than any other 
material in making prod- 
uct improvements. If you, 
too, are planning product 
pep-ups, let this new Car- 
penter pamphlet show you 
how to save money doing 
it. It’s free. Just use the cou- 
pon on the opposite page. 











THE CARPENTER STEEL COMPA 


Carpenter STAINLESS 





PMEW WAYS v0 wane SHOP SAVINGS 


WITH STAINLESS STEEL... 


Whether you are in Production, Purchasing, or Design, this new Car- 
penter DESIGN BOOKLET will help you cut fabrication and material 


costs. Developed from shop practice, it gives you in familiar, easy-to- 





understand shop terms, important new hints for cutting Stainless costs. 





Here, for example, are 5 practical suggestions drawn from the booklet 


























to show you what you may expect— 


1. ARE YOU BUYING TOO MUCH OR TOO LITTLE CORROSION RESISTANCE? 
Either is unprofitable and unnecessary. If you are not sure that you are 
using the one grade of Stainless that gives you the best profit balance, 

you may be running production costs too high on the one hand, or los- 
ing Customers unnecessarily on the other. Do you know the quick, easy 


way to find out? 


2. CHECK INTRICATE SHAPES FOR POSSIBLE SAVINGS! You can frequently 
improve parts having recesses, sharp re-entrant angles, holes and sharp 
corners—and save money besides. What method will eliminate plating 

costs on such parts and decrease rejects due to peeling and dangerously 


thin deposits, without increasing forming costs? 


3. SHEATHING MIGHT SAVE YOU 50% OR MORE! Manufacturers of 
rolled and stamped moldings are making such savings every day. They use 
a light gauge Carpenter Stainless strip over a base of heavy gauge material. 


Where and when is this type of saving practical for your product? 


4. ARE PROCESS ANNEALING COSTS TOO HIGH? There are several in- 
genious methods for reducing them besides using (¢ arpenter’s very duc- 
tile grades of Stainless. What other procedures can you follow to gain 


those additional reductions? 


5. COMPARE THE COST OF PURCHASING STANDARD PARTS FROM 

SPECIALISTS! This excellent source of extra manufacturing profits is 
often neglected. Yet nearly every standard metal product is now made 
in Carpenter Stainless by large scale producers. How can you get the 


additional information you need to turn this fact into real savings? 


The answers to all these practical manufacturing questions and many 
more like them can be found in Carpenter's new Stainless Steel DESIGN 
BOOKLET. Without obligation, get for yourself the help it offers. 
Use the coupon below. We will send you your free copy at once. It will 
give you the latest hints on how to improve your product and make shop 


savings through better Stainless design. Send for it today. 


a. 


IN U.S.A. A THE CARPENTER STEEL COMPANY 
133 W. BERN ST., READING, PA. 
Y ‘ D | N G , PA. \ Yes, l wantto kn he lat hod } : ical j 
‘ ow the latest methods for making economical improvements in my product wit 
\ Stainless Steel Without obligation, please send me your new Stainless DESIGN BOOKLFT. 
. 1 NAME TITLE 
} T E E L S _ 
\ (Firm Name Must be Given) 
ADDRESS 
CITY STATE 


\ 
\ 
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SAVES 24/. 
BRAZING 


The accelerating pump piston of the Zenith Car- 
buretor used to be an assembly of machined parts. It 
is now made of metal stampings, made possible by 
copper brazing in the Hoskins Brazing Furnace shown 
above. As a result, Zenith cut their production cost on 
this item by 24%. By doing the same thing to the 
throttle lever, its cost fell 27%. This shows the sound- 
ness of the investment made by Zenith in their 
Hoskins Brazing Furnace. If your product permits of a 
similar change in design, or if you braze tungsten- 
carbide to tool steel, complete information about this 
furnace will be of value to you. The facts are presented 
in Catalog-57. Write for a copy. ... Hoskins Manufac- 





turing Co., Detroit, Michigan. 
This shows the “before” and “ofter” design of the 
accelerating pump piston The new design is af the right 


HOSKINS PRODUCTS 


ELECTRIC HEAT TREATING FURNACES + + HEATING ELEMENT ALLOYS + + THERMOCOUPLE AND 
LEAD WIRE + + PYROMETERS + - WELDING WIRE + + HEAT RESISTANT CASTINGS + + ENAMELING 






FIXTURES - + SPARK PLUG ELECTRODE WIRE - + SPECIAL ALLOYS OF NICKEL + + PROTECTION TUBES 
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PRODUCED BY AN ORGANIZATION MAKING STAINLESS STEELS EXCLUSIVELY 

















SALES OFFICES: CHICAGO VIN CLEVELAND DETROIT 
NERAL M N PHILADELPHIA MM DISTRIBUTORS IN PRINCIPAL CITIES 
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Speed up production, 
eat annealing cost... with 


Modern GAS Equipment 


at 











; } 1 
meee — 
a) a 
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(Jas-fired radiant tube annealing furnace in plant of Wilson Steel and Wire Co., Chicago, makers 


of tinned, galvanized, annealed and bright wire, 


ties and straight and cut wire 


N the plant of the Wilson Steel & Wire Co.. Chicago, 
anew Gas-fired radiant tube annealing furnace turns 
out [1.000 pounds of wire per heat and averages LOLOOO 
pounds per day. This output is 2! times that of the 
two previously used furnaces fired with another fuel 
and is typical of the increased speed of production with 
modern Gas equipment, 
Only one operator is required to handle the 
new furnace, compared with a fireman and two 


material handline men for the older furnaces. The 


tare heating weight of the new unit is 1300 pounds, 


\ a 
eas 


FOR ALL 
INDUSTRIAL HEATING 
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all sizes of nails, tacks and rivets, as well as bale 


Photograph 












courtesy Surface Combustion ¢ orporation. 


compared with 24,000 pounds of the old units. 

Here is but one more special heat-treating problem 
smoothed by Gas and up-to-date equipment. Perhaps 
your plant has its own heat treating problem that may 
be solved with Gas. If vou want to speed up your 
production, cut your operating costs, and improve the 
quality of your finished product. it| will pay you to 
investigate Gas and modern Gas Equipment. Y our Gas 
company will be glad to give vou full information on 
the most advanced Gas Equipment for your heat treating 


operations. 


AMERICAN GAS ANSOCTATION 


INDUSTRIAL GAS SECTION 


120 LEXINGTON AVENUE, NEW YORK CITY 
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Magnification 500X — Unretouched 


S.A.E. 52,100 is but one of many hard-to-handle 
steels which the recently perfected Westinghouse 
ENDOGAS atmosphere enables you to harden or 
anneal with complete freedom from decarburization 
In fact, this new process permits scale-free harden 
ing of all S.A.E. steels without ‘‘decarb.”’ 

Good news, too, is the fact that the new West 
inghouse ENDOGAS atmosphere is inexpensively 
created from ordinary natural or manufactured 


city gas... without the use of costly driers or 


CO, removal equipment. It’s extremely low in 


CO, content and high in CO. 


WRITE TODAY FOR COMPLETE INFORMATION 


Complete technical data is now available on how 
to apply this low-cost method of hardening and 
annealing under production conditions. Let it be 
your guide to getting the jump on competition. 
Write today to Dept. 7-N, Westinghouse Electric 


& Manufacturing Co., East Pittsburgh, Pa. 


7-10150 


Westinghouse 


Complete Heat Treating Equipment 





























Large Alloy Sections: 


Feoves Gooner’ 


@ When sections are large — when hardness must be carried deep 





into the steel — alloy steels are necessary and the cost very low in 
proportion to the benefits obtained. 


Large sections, where the use of alloy additions of nickel, 





chromium, vanadium, manganese and molybdenum is then economi- 
cally justified, include shafting, crankshafts for diesel engines and 
stamping machinery, steam hammer piston rods, large gears, axles 
and heavy connecting rods. 


In such parts, with carbon kept constant, the depth-hardening 
quality increases as the alloy content is increased. However, expert 
knowledge is required to work out the proper combination of alloys 





for any specific-purpose steel —and it is then that the experience of 
Republic, the world’s largest producer of alloy steels, will, like the 


steel itself, prove economic. 


REPUBLIC STEEL CORPORATION — 


GENERAL OFFICES: CLEVELAND, OHIO 
ALLOY STEEL DIVISION: MASSILLON, OHIO 


BERGER MANUFACTURING DIVISION + NILES STEEL PRODUCTS DIVISION + STEEL AND TUBES DIVISION 
TRUSCON STEEL COMPANY + UNION DRAWN STEEL DIVISION 


Alloy Steels 


When writing Republic Steel Corp. for further information, please address Dept. M.P 
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“ROCKWELL” 





HARDNESS TESTER | 








Reality 


























One on your bench helps you a lot, 


One of thousands of “ROCKWELL” Hardness Testers now in daily use is 
shown in the illustration above. [tis typical of these machines that have enabled 


the departments or plants using them to do the following: 


| Make hardness tests on satisfactory and unsatisfactory material or parts. 
record the desired hardness limitations for each and establish specifications 


so that future parts of the hardness desired can be called for and inspected. 


) Discuss orally or in writine the matter of hardness of material in terms every- 
—e ‘ ‘ ° 
one will understand. 


3 Observe and employ important heat treating information given by makers 
i 


of steel, by the heat treating departments of others or in technical articles on 


heat treating subjects. 


WILSON 


MECHANICAL INSTRUMENT CO.. INC 


Vetal Progress: Page 720 

















Catalog or Representative on Request. 





“ROCKWELL 


HARDNESS TESTER 











I magination 




















One in your mind is no help at all. 


One of the “ROCKWELL” Hardness Testers existing only in the imagination 
and expectation of capable men who need these testers in their departments, in 
plants that have no “ROCKWELL” Tester, is shown above. 


Those capable men, having merely a plan and hope to acquire one of these testers 


some day. can not do the following: 
R Determine the hardness of satisfactory and unsatisfactory parts or material. 


*}, Discuss hardness with others in their own plant or with a customer or source 


of supply, in a way intelligible to others. 


¢ Make use of published “Rockwell” hardness data or receive and use infor- 


mation on hardness from steel companies or from others heat treating steel. 


WILSON 
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No strangers to the merits of 
“Salem” Circular Ingot Heating 
Furnaces are the steel men who 
use them. Well do they know the 
splendid condition these impart 
to the ingot and as well their 
outstanding productive capacity. 
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Immediate Shipment Assured 


The ability to deliver promptly is. of course, of outstanding impor- 
tance today. but Ryerson offers still more. The buver who mav need angles. 
sheets. bars. welding rod. and many other items is assured uniform high 
quality regardless of the size of his order. Under the Ryerson Certified Steel 
Plan. stocks include only selected products that meet the most demanding 
specifications. The purchaser can then concentrate orders for practically 


all his steel requirements. securing uniform high quality and quick service 





at a saving of time and money. 


Ryerson certified alloy steels are an outstanding example of the care 
used in the selection of our stocks. To assure uniformity. entire heats ( LOO 
to 150 tons) of an alloy that meets our narrow range specifications are 
secured. Bars are analyzed and tested for chemical and physical properties 
and heat treatment response. Every bar is clearly identified with the heat 


number. Data sheets and charts showing properties of the steel and results 





of the tests are prepared and sent with every order. large or small, as a 


euide to heat treatment. This valuable service is given at no extra cost. 


len large Ryerson plants carrving more than 10.000 kinds. shapes. 
and sizes of steel products stand ready to meet both vour regular and 
emergency requirements, If vou do not have the current Ryerson Stock 


List. we shall be glad to send a Copy. 


Joseph T. Ryerson & Son. Inc. Chicago. Milwaukee, St. Louis, 


f eN Cincinnati, Detroit, Cleveland, Buffalo, Boston, Philadelphia, Jersey City. 
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L wdustrial 


Gears 


for large transmissions 


FAC YEAR the materials in industrial powe 

transmitting gear trains are relied upon to 
carry millions of horsepower in a trouble-free 
manner. The metallurgical aspects of these 
large gear drives have been developed by much 
research work and service experimentation. In 
contrast to automotive gears, industrial gear 
drives have not been widely discussed in the 
technical press, and it must be emphasized at 
the outset that the design, load, service, and 
heat treating practices are entirely different in 
these two fields. 

The automotive drive is a relatively elastic 
system and consequently capable of distributing 
safely such shocks as it receives; the expected 
on the order of 3000 hr. The 


great production volume allows extensive pre 


life is very short 


liminary research to determine the exact 
mechanical design and proper tooth contact to 
provide the optimum service. 

In contrast, the average industrial drive 
might have to operate 25,000 to 50,000 hr. con 
tinuously. The loading is usually of an unde. 
termined or even indeterminate nature and can 
include undesirable shock or vibration. These 
variables, in conjunction with the prohibitive 
cost of a large unit, do not allow much full-sized 
experimentation, yet these big gears must not 
fail. Under these circumstances the loadings 
are usually limited by the allowable deflection 
of the tooth; furthermore, both contact and 


"Research Engineer, The 


Falk Corporation, 


While much has been 
published about automo- 
tive transmission gears, 
little or nothing has ap- 
peared about the manu- 
facture of large industrial 
gears, especially — high 
speed gears for transmit- 
ting large amountsof pow - 
er, such as rolling mill 
drives or reduction units 
between steam turbines 
and propeller shafts. ‘This 
first article notes the re- 
quirements for such gears 
and the relative merits of 
plain and alloy steels in 
both castings and forg- 
ings. A subsequent arti- 
cle will discuss the heat 
treatment of these large 
masses of metal. 


By Edward J. Wellauer’ 


bending stresses must be below the endurance 
limit of the material. 

Spur, helical, bevel and worm gears are 
used to transmit power in many different types 
of industrial speed-reduction units. The loads 
vary from fractional horsepowers to more than 
30,000 hp. per unit. 
8000 r.p.m. with pitch line velocities as high as 


The speeds may exceed 


18,000 ft. per min. Lubrication might vary from 
the most refined automatic pressure oiling sys 
tem to haphazard swabs of a grease brush. 

Under these service conditions, industrial 
sears can fail by breaking of a tooth by bend- 
ing, by fatigue or impact (in rare cases), or 
by loss of metal from the working face. Surface 
or profile failure is caused by pitting, spalling, 
scuffing, rolling, plastic deformation, or gradual 
wear. Profile failure has occurred, in a prac- 
tical sense, when the load can no longer be 
transferred in a satisfactory manner, either in 
terms of excessive noise, inadequate smooth 
ness of operation, or too much heating. 

Pitting is the major cause of profile failure 
Pitting is identified by the formation of concave 
pits ranging from very large ones common to 


heavily loaded, coarse pitch commercial gears 


Mitwaukee, Wis. 
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to very numerous small pits, fully or partially 
distributed over the profile of fine pitch gears 
These pits actually impair tooth action and are 
not to be confused with the non-progressive 
initial pitting which sometimes occurs during 
running-in. Stresses causing such pits are duc 
fo subsurface shear stresses which can be com 
puted by methods suggested in T8811 by Hertz 
who solved, mathematically, the stresses to be 
CAP cted when Iwo elastic solids are in contact 
under load. Necessary design data to resis 
pitting have been presented by W. P. Schmittes 
in Machine Design for June and July 193th. 

Spalling is very similar to pitting except 
that the dislodged particles are much larger and 
extend over the entire tooth protile, and is prob 
ibly caused by higher overloads. 

Scuffing Is ¢ aused by a combination ol pres 
sure and velocity resulting in a drawing action 
at the extremities of tooth contact. 

Rolling is similar to scuffing except that a 
failure of the lubricant has allowed a complet 
seizure of the mating profiles. Phe failure is 
identified by parallel scratches and concave 
vrooves along the teeth perpendicular tor the 
axis of rotation. It is illustrated on page 7 

Plastic Deformation. With exces- 


6) 
af 


sive contact stresses, the profile can be 
flattened or concaved; it is prevented 
by limiting the stresses to values below 
the shear vield. 

Wear. 


caused by abrasive particles getting 


Actual wear is usually 


into the gear box or fouling the lubri- 
cant, or chemical attack by lubricants 
or eXternal agencies. 

Failure by breakage and_ pitting 
can be partially controlled by increas 
ing the strength (especially the com- 
bination of fatigue strength and wear 


resisting hardness) and therefore by the 





duce the desired physical properties. As a mat- 


ter of fact, it is impossible to specify definitely 
the physical properties to resist’ breakage 
because we cannot now accurately determine 
the developed stresses. This is particularly true 
of calculations for bending strength of gear 
teeth, since there have been very little correlated 
test data obtained from modern commercial 
sear sets which are pertinent to the question. 
\ll that the designer can do is to adopt one of 
thre recently proposed formulas and accumulate 
experience to provide a fair relation between 
the type of gear, service conditions, calculated 
stresses, and physical tests. 

Phe table opposite gives ivpical tests trom 
medium and larger sized commercial gears 
(which are usually cut after heat treatment). 

Uneertainties concerning bending stresses 
in vear teeth are not extremely serious because 
experience has proven that profile durability is 
of more importance The heat treatment 
required to secure proper durability will usually 
provide from three to over six times the strength 
necessary. The tooth shown in the first illustra- 
lion is a good example, since the profile failed 


considerably before the tooth broke due to a 











Coarse Pitched Gear Tooth That Had Failed by Severe 
Pitting on Profile Before a Fatigue Crack at Base, Initi- 
ated hy the Machine Tool Varks, Caused It to Let Go. 


Satisfactory replacement had ample radius at root of tooth, 


selection and heat treatment of mate- 
rials. The other types of failure are 
principally due to errors in design or 
manufacturing, or to operating factors; a smooth, harder surface, and a proper lubrication system 
higher physicals can aid in minimizing 
these destructive effects but the only 

suitable solution lies in correcting the funda fatigue crack initiated by machine marks. (The 
mental causes. The gear metallurgist’s efforts are condition shown at the bottom of this tooth is 
therefore based on the assumption that the gear typical of large pitch spur bevels produced on a 
train has received adequate design, which certain make of machine.) 
includes suitable provisions for satistactory Experience and extensive testing have indi- 


lubrication and mounting. Based upon the 


cated that gear profile durability is a function 
computed operating stresses, he then decides of the Brinell hardness. The term “sear profile 
og 


upon the material and its heat treatment to pro- durabilitv” rather than “wear resistance” is used 
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Typical Steels Used in Large Industrial Gear Sets 














FORGINGS (.ASTINGS 
Cr-Ni-Mo Sree! MN-Mo Sree CARBON STEEI 
NORMALIZED LIQUID QUENCHED DouBLI NORMALIZED ANNEALED 
AND TEMPERED AND TEMPERED AND TEMPERED 
Composition: Carbon 0.35 to 0.45 0.30 to 0.40 0.40 0.30 
Manganese 0.50 to 0.70 0.45 to 0.65 1.25 O50 to O70 
Molybdenun 0.25 to 0.35 0.25 to 0.35 20 
Chromiun 0.65 to 0.95 0.65 to 0.95 
Nickel 1.25 to 2.00 1.°5 to 2.00 
rensile Properties 
Yield point, psi. 85.000 105.000 56.000 1? O00 
Tensile strength, psi 112,500 135.000 G0 000 75.000 
Elongation in 2 in. 23% 20) 24 20 
Reduction of area 52 re) 50 10) 
Brinell hardness 235 to 270 260 to 295 175 to 200 130 to 1o0 
Test specimen Mid-radius bar Mid-radius bat Attached coupo \ttached coupon 
advisedly; its relationship to indentation hard- Concurrently with a decision as to physical 
ness is rather well known for values between properties, the metallurgist must decide on the 
ISO and 400 Brinell. In the ordinary hardness tvpe of material, cast iron or steel (forging, 
ranges, the tensile strength and approximate rolled shape, casting), its chemical analysis and 
endurance limit have a fairly uniform relation the required heat treatment 
to the Brinell hardness, so it seems logical to Cast lron It is difficult to evaluate the 
believe that the Brinell or Rockwell test is a position of cast iron because the recent develop 
more accurate method of measuring (or specify- ments in foundry technique, alloving and heat 
ing) the resistance of materials to contact treating procedures have not been fully tested 
stresses than the tensile test. This is in line under actual service of large gear sets. A metal 
with the experience of automotive engineers, lurgist cannot afford to order gears or any othe 
who insist on a much higher degree of hardness high duty item by the mere term “cast iron” 
(“file hard”) for the working surfaces of trans- without stating the analysis, physicals, and 


Mission gears, 


It has been found that the following com- “ 
Double Herringbone Pinions That Failed by “Rolling 


binations are satisfactory for cast steel gears for é, 
: The concave scratches and grooves perpendicular to the 


veneral purposes, medium to large size. which : oo Bi 

P S root of the teeth are caused by deficient lubrication and 
are . ¢ yr vs "es " . ‘ . . one A 
re cut after heat treatment seizure of mating profiles. The lines from end to end 


of tooth, parallel to the axis of the gear shaft, represent 





a change in the direction of sliding, at the pitch line 


















BRINELL HARDNESS 
APPLICATIONS 


PINION GEAR 


235 to 270 140 to 180 General drives where load 
(annealed) ing does not require a heat 
treated gear, or where gear 

is too large to quench. 


260 to 295 295 to 260 Locations where greater 
capacity is required when 


gear can be quenched and 


tempered, 


330 to 360) 285 to 330 For smaller gears using 
steels especially controlled 
and treated for machin- 
ability. 











Higher hardness for small gears can be 
obtained by carburizing or heat treating after 
cutting (to be discussed in a later article). 
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metallographic structure desired. Cast iron 1s 
not as versatile as steel in regard to the proper 
ties available by various heat treatments and 
analyses. Furthermore, its quality is dependent 
to a very large degre upon founding practice 
Inherently, cast iron is relatively weak and brit 
tle when compared with cast or forged steels 

\rguments in favor of cast iron have been 
based on its low modulus of elasticity which 
should allow the development of a greater con- 
tact area, tooth to tooth, and hence improve 
lubrication and other factors controlling wear. 
However, only a high strength cast iron can 
compete with steel in large industrial gears, 
and this is obtained with alloys and practices 


which usually increase the modulus of. elas- 





ticity, thereby defeating the original purpose. 
lhe high damping capacity of cast iron is also 
cited as a desirable property, but our present 
knowledge of the subject has not enabled any 
accurate computations to be made. 

In the final analysis, any material is evalu- 
ited by the cost factor. Cast iron is not the 
equal of a suitable steel for optimum service in 
veneral applications. However, if it can be 
secured and processed to meet the required con 
ditions in a specialized service more econom- 
ically, then cast iron must be considered to be 
a proper material with which to build satisfac- 
tory gears. Its usual use is for gears of light 
unit loading, minimum shock, and low speeds. 


Steel is the most widely used gear material 


Enormous Gears for Rolling Mill in a Steel Plant, of Alloy Cast Steel, Heat Treated 
and Then Machined. Over 16 ft. in diameter, weighing over 53,000 Ib. as cast 
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because it is capable of being manufactured and 
processed to a great many different characteris- 
tics, each of which has a definite use. First we 
shall consider the chemical compositions. 

For carburized gears the carbon content 
usually is within the range of 0.15 to 0.25%. The 


lower carbons are used to secure maximum 


toughness; the higher carbons are used for 


maximum core strength. The recent trend is 
toward the upper limits; the gears are then used 
with shallow cases obtained by gas carburizing 
or activated baths. This trend exactly parallels 
that in automotive transmissions. 

Larger gears, heat treated before machin- 
ing, have 0.30 to 0.45% carbon range if the steel 
is to be water quenched, and 0.40 to 0.60 car- 
bon content if oil quenched or normalized (air 
quenched). Gears which are to be hardened 
after cutting usually have 0.45 to 0.55° carbon. 
Carbon content should always approach the 
upper limit as the size of section or desired core 
hardness increases. Alloy steels generally have 
a lower carbon content, which is desirable to 
increase toughness or to promote their machin- 
ability, especially in gears that are cut after 
heat treatment. 

Alloy Steels. 
and manufacture, in conjunction with better 


Refinements in gear design 


steel making practice, have permitted the 
designer to increase the loadings on the gears. 
and thus have promoted the use of lower alloyed 
steel, especially for the smaller gears. On the 
other hand, the trend in steel mill units, large 
turbine drives, and crushers, is toward thi 
somewhat higher alloyed steels. The main put 
pose of alloys is to facilitate the procedure by 
which the desired properties are obtained. 
Their particular importance in gear steels is to 
increase the penetration of hardening and 
reduce the distortions and internal stresses 
resulting from heat treatment. Alloys usually 
increase the ratio of vield point to ultimate 
strength, and also increase the overload capacity 
of gears rated on their endurance limit. Alloy 
gear steels also have better profile durability 
and strength, particularly against dynamic 
stresses. Durability is dependent upon surface 
hardness, and some alloys are available which 
provide hardness or facilitate the heat treat- 
ment for maximum hardness (chromium, man 
ganese and molybdenum). 

Maximum resistance to tooth breakage 
caused by shock or impact loadings is secured 
with nickel, vanadium or molybdenum. 


Fortunately, some alloys and combinations 


are capable of both improving the profile dura- 
bility and increasing the dynamic strength and 
toughness. Usually the combinations follow the 
S.A.E. specifications fairly closely; the exact 
percentages are influenced by the size of section 
and heat treatment required. 

Gear steels are usually specified as “fine 
vrained” because of the better dynamic proper 
ties and lower distortion during heat treatment 
Coarse-grained steels, as determined by stand- 
ard methods, are given special consideration 
where the maximum hardenability or machina 
bility is required. Machinability (cost and 
accuracy) is quite an item; molybdenum, nickel 
and sulphur are important in this respect, 
either in normalized or heat treated blanks. 

With the proper attention to heat treating 
procedures, most of the standard steels can be 
used for definite applications. It is, however, 
logical for the purchaser's engineers to consult 
the gear producer's staff and specify those ele 
ments which experience has indicated will more 
easily and economically attain either the hard 
ness, the toughness or the compromise of hard 


ness and toughness required, 


. Vv Cc . 
I Orapir<as ersus wastimas 


Assuming that the gear is to be made of 
steel, the gear metallurgist has a choice between 
rolled stock, forgings, and castings. 

Rolled bar stock is limited to comparatively 
small sizes of rounds. The manufacturing proc 
ess causes marked directional properties Dh 
quality of small pinions or gears produced from 
rolled bar stock is dependent upon the car 
exercised in the selection of billets, rolling tem 
peratures and reductions to prevent undue 


vations, directional faults or porosity 


seoerey 

Round bar stock or rolled flats formed and 
welded into circular rims have the minimum 
properties in the direction where maximum 
loading in bending and shear occurs. This ts 
not particularly detrimental for moderate sizes 
and duties, but does prevent their use in large. 
heavily loaded pintons or vea;rs, 

Round bar stock is used particularly wher 
the volume of production is not suflicient for 
the economical use of forgings. 

Forgings include steel pieces shaped by a 
hammer, press, upsetting machine or ring roll 
ing device. Each product has a logical applica 
tion determined by cost and available facilities. 

A forged gear may be specified for one of 


the following reasons: First, forging can shape 
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oe 
As cast As 


0.40° carbon, 1.25 manganese, 0.20 





cast Heat treated 
0.30% carbon steel molybdenum 


Structure of Gear Steels in 2-ln. Sections, Polished and Etched With 
Vital and Photographed at 100 Diameters. Heat treatment: Normalized 
tempered at 1250° F. 


from 1725" F., air quenched from I550° F.., 


a piece more closely lo dimension, thereby 
reducing machining time and eliminating use- 
less metal. Second, forging can refine the struc- 
ture, a matter particularly important for large 
sizes. Third, forging shapes the metal to take 
advantage of the resulting directional proper- 
ties. It is sometimes possible to obtain all these 
results in one forging. 

Small forgings are shaped by the sharp per- 
cussion blows of a hammer or forging machine. 
When the volume of production is suflicient, 
drop forgings and upset forgings are made in 
dies, properly shaped. The most important por- 
tion of the forging is the rim in which the teeth 
are cul; consequently the stock should first be 
upset to place the “fiber” in) proper position, 
after which attention may be given to getting 
the exact shape desired. 

In many instances, the proper arrangement! 
of fiber or flow lines can only be secured by 
upsetting the material so the forging fibers have 
a radial direction, thereby securing the maxi- 
mum resistance to breakage. The limitation of 
the upsetting method is determined by the pro- 
portions of the large and small diameters. 
When too big an upset is required on a given 
shaft diameter, suflicient’ material cannot be 
vathered into the upset. 

There are applications where only the rim 


of a gear is to be worked or shaped. For this 


purpose the stock may be rolled into an annulat 
ring. When a large diameter must be secured 
with a relatively thin rim, excess rolling will 
reduce the properties in the direction in which 
the maximum physicals are required, and 
experience has proven the wisdom of using steel 
castings in these borderline applications for 
heavily loaded gears. 

The maximum size of hammered forgings 
is limited by the capacity of the hammer and 
the shape of the piece. With the sharp blows 
there is a constant danger of rupturing large 
pieces. Therefore, for all forgings weighing 
upwards of a few hundred pounds, or of com- 
plicated section, the metal is shaped by pressing. 

As shown in the article by Adolph Schaefer 
Progress, March 1939, press forgings 


hvdraulic 


in Murra 


are made under large steam or 
presses which form the metal rather slowly. 
he quality of the forging is determined by the 
skill of the crew heating the metal and manipu 
lating the press and ingot. 

Steel castings are universally accepted as 
the proper choice for all large diameters, espe- 
cially for the gear element. Their properties 
and service are very closely afliliated with the 
proper correlation between design and founding 
practice. Especial attention must be given to 
the quality of the metal in the rim; shrinkage 
and porosity must be (Continued on page 778) 
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and 


control 


HE subject of temperature, neglected since 

1919 by organizers of symposia, received a 
full measure of attention in New York City 
early in November. “A Symposium on Tem- 
perature; Its Measurement and Control in Sci- 
ence and Industry” (under the auspices of the 
American Institute of Physics and with the 
cooperation of the National Bureau of Stand 
ards, the National Research Council, and an 
imposing roster of technical societies includ 
ing & of course) encouraged no less than 600 
odd persons to register in order to hear 127 
papers by 150 authors, jammed into 20 sessions 
over a three-day period. Comparison with the 
Symposium of 1919 is inevitable, consequently 
the statistics are completed at once: The earlie: 
meeting considered 60 papers by 57 authors; of 
these, about 10° emanated from non-industrial 
laboratories such as the Bureau of Standards 
and the Geophysical Laboratory, about 10° 
from industry, about 15‘. from makers. of 
pyrometric equipment, and the remainder from 
educational institutions. Industry evidently 
had been sold already. These same sources 
were active in 1939, although the educators 
gained somewhat at the expense of the non 
industrialists; but here is the unexpected: 
Fully 20° of the papers were supplied by 
physiologists, whereas the closest approach to 
physiology in 1919 was “Temperature of a 


} © ‘> 9 
Burning Cigat 


"Associate Editor, Alloys of 


easurement 





By John 8S. Marsh" 


Phe concept of temperature is fundamental, 
therefore subtle. The ineluctable result is that 
precise thoughts are difficult to transfer from 
originator to receiver, especially if the two 
operate in different fields a fact that emerged 
repeatedly during the mingling of physicists. 
biologists, Chnermecrs, clinicians, professors, 
lechnicians, and “practical men” the word 
temperature has had a variety of meanings; for 


example, when a certain J. Jones wrote in 157% 


that “The nurse . shall be chosen accord 


ing to the temperature of the babe” he obvi 
ously was not thinking in terms of modern 
thermometry And “a vertuous temperature 
between two vicious extremities” (1599) was 
hardly composed by the ad-wriler of an ancient 
controller manufacturer. Still another notion 
is given by a quotation dating back to 1580: 
“Iron is so harde ... that being wrought, it sers 
eth for Steele chiefly with a temperature that is 
given to it.” 


It is conceivable that anv of these state 


Irom Research, New York City 
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ments would be misinterpreted by the layman. 
But even the technical man, after a bout with 
bacteria and a clinical thermometer, is likely 
This, of 


course, horrifies the precisian, but is good 


to say that “he had a temperature”. 


idiomatic American language understood by 
evervbody; the matter is of no importance here 
other than as one of a number of 
examples that prove that the word 
is still not defined uniquely. Since 
there are ambiguities also among 
the various aspects of measure 
ment and control of temperature, a 
one of the valuable results of the : 
symposium was ample proof that bal 
many of the problems of divergent 
fields are similar; this in turn 
showed greater inherent unity of 
the many papers than might have 
been indicated by their titles. 

It was possible to attend only 
a fraction of the presentations and 
discussions; a still smaller fraction 
must be selected for review here. 

A session on “Education”, 
occupying a full morning, was 
well attended by industrialists, as 
well as educators. P. H. Dikt 
described the course given sales- 
men and engineers at Leeds and 
Northrup; it extends over approxi 
mately a year and consists of 
extensive instruction in temperature measure 
ment and training in other branches of instru 
mentation. Mr. Dike asked for more attention 
to these topics in engineering schools, which 
were represented by J. M. Cork (University of 
Michigan) and FE. D. Hower and L. M. K. Borrrer 
(University of California). Professor Cork’s 
aim is to produce talent “resourceful enough to 
analyze and solve any problem that might arise 
in practice. This is attempted by way of 
a separate course in pyrometry; Professors 
Hower and Borvrer, however, believe in making 


pyvrometry only a part of general laboratory 


work on mensuration —— or, perhaps, a subdivi 
sion of a metallurgical laboratory course. — It 


must be admitted that the experiments they have 
devised are far more interesting than those 
thrust upon this reporter when he was in college 

Industry was represented by Roserr B. 
SosMAN of the U. S. Steel Corp. His special 
fame as a molder of phrases must be spreading 
in metallurgical circles, because the audience- 


count jumped sharply nearly all metallur 





Leeds and Northrup “Rayo- 
tube” Looking at the Tempera- 
ture of an Openhearth Roof 


vists —-in time for “The Education of a Pyrom- 
etrist”. It was pointed out that the plant needs 
two types of pyrometrists — first, “the research 
man, skeptical of the misinformation supplied 
by industrial instruments as usually installed 
and maintained and second, the man 
“whose main interest is to keep the machines 
operating in something 
approaching satisfac- 
tory style”. Dr. SosSMAN 
enumerated require- 
ments for the first type 
in terms of WHEELER'S 
forces that drive 
researchers (curiosity, 
hunting, collecting, 
workmanship, and so 
on). It would be inter- 
esting to see the pre- 
scription set up for the 
researeh metallurgist. 

Long discussions of 
the educational papers 
concentrate to about 
this: (1) Industrialists 
are not wholly satisfied 
with the current college 
product; (2) educators 
are more than willing 
to take suggestions; (3) 
the industrialists do not 
agree on what they 
want {the standard conclusion of all indus- 
trialist-educator conferences attended by the 
E.DIrror The educators requested also some 
worthy problems for research; Dr. SosMAN 
reminded them that industry is necessarily 
chary about divulging many of its pyrometric 
headaches, but suggested study of the applica- 
tion of electron and photo-electric tubes (which 
received little attention by authors at the sym- 
posium) and the laws of radiation, especially in 
the infra-red region. 

A session on “Thermometric Metals and 
Alloys” covered an enormous amount of terri- 
tory. Three papers were devoted to platinum 
and platinum-metal thermometers and pyrom- 
eters; authors and discussers agreed that the 
quality and reliability of these materials has 
been increased markedly in recent years. The 
point eliciting greatest interest was that prior 
furnace annealing at 750° F. betters perform- 
ance; none knows why, and no especially seduc- 
live guess was advanced. Many new data on 


base-metal couples were presented also, mostly 
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in tabular form, which may be useful to design- 
ers of instruments. 

What might be called theory had several 
innings. The matter of temperature and tem- 
perature scales was discussed generally by H. 
T. Wensev. of the Bureau of Standards, who 
included the basis and meaning of a thermo- 
dynamic scale and its relation to the several 
practical scales. Other topics in this category, 
selected at random, such as “The Proposed New 
Definition of the Thermodynamic Temperature 
Scale” and “The Location of the Sulphur and 
Mercury Boiling Points on the Thermodynamic 
Temperature Scale”, seem rather remote from 
affairs of the metallurgist, although he may 
need know on some calibrating day that the 
boiling point of mercury was reported to be 
$96.58" C. on the International Scale and 356.73 
C. on the Thermodynamic Scale. 

Metallurgical pyrometry, as such, was 
restricted to a few papers on non-ferrous metals 
and a session on iron and steel. JoHnN Curp- 
MAN, Of Massachusetts Institute of Technology, 
reported that the melting point of iron really is 
very close to 15385° C. (2795° F.) and produced 
evidence for the belief that oxygen was prob- 
ably responsible for lack of agreement among 
what seemed to be the most reliable of the 
earlier investigations. Other contributions to 
the ferrous session were on “The Pyrometry of 





Three Tagliabue Controllers (Photo-Electrically Balanced 
for Heat Treating Furnaces, and a 6-Point Recorder. in 
the Climax Molybdenum Co.s Experimental Laboratory arts, which has more 


Liquid Steel in the Openhearth Furnace”, by 
L.. O. Sorpane of U.S. Steel Corp.; the use of the 
non-metallic couple using graphite and silicon 
carbide, by Grorce R. Frrreren of the Univer- 
sity of Pittsburgh; a photronic-cell radiation 
couple, by B. M. Larsen of the Steel corpora 
tion; and a quick-immersion technique devised 
by F. H. Scnortenp and A. Grace of the National 
Physical Laboratory in England. The last 
authors use platinum-metal couples; their 
method and its attendant apparatus aroused 
considerable interest among the = steel men. 
(Details of this equipment are in the eighth 
report of the Committee on the Heterogeneity 
of Steel Ingots.) 

Methods for measuring the temperature of 
liquid steel, discussed briefly by Mr. Sorpatn, 
included test spoon, dissolving tube, rod boil, 
slag bubble, slag surface, and Collins-Oseland 
tube; he was of the opinion that the Collins 
Oseland tube method (U.S. Patent 2,020,019) 
holds the most promise, but stated that the 
test-spoon method is as good, if carefully stand 
ardized. These measurements are of precision 
far from that attainable at, say, the boiling 
point of mercury; in point of fact, in a mild 
argument during discussion of the value of the 
trained human eye as a pyrometer for steel 
making temperatures, enough was admitted to 
disconcert some of the instrumentation enthusi- 
asts. There is much to 
be accomplished vet in 
this field. 

Thoughts of J. A 
Doyvte of W. S. Rock- 
entitled “The 


telation of Uniform 


well Co., 


Pyrometer Records to 
Uniform Products’, 
appealed to listeners of 
widely varied interests. 
“The relation of evi- 
dence and proof, of 
shadow and substance, 
is, in effect, substan 
tially the relation” of 
pyrometry and product 
in industrial heating 
practice,” he said. “Bet- 
ter results will follow 
when we have men in 
the shops better edu- 
cated to practice one of 


the oldest of industrial 
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influence on quality and uniformity than any 
other fabricating process. It has its roots in the 
ceramic practice of the ancients long before the 
machine age, or even the metallurgical age. 
The ancient art seems to have been lost in the 
modern technical complication of thermody 
namics, abstract technology, complicated 
pyrometry and sales promotion.” This was 
indeed a different theme, sung at a time when 
one usually hears songs in praise of instru- 
mentation permitting integration of chemical 
industries, or of devices for close approach to 
absolute zero. And there was more to come: 
“It seems strange, that with all our gadgets for 
control of production, there should be here a 
quality market for cutlery produced with crude 
coal fires in the homes of craftsmen abroad 
who have no conception of pyrometers or auto- 
mnatic temperature control. 

“There is need for trained production 
specialists and supervisors of important heat 
ing and cooling operations. The present indus 
trial situation is as though the army had many 
dietitians to prescribe suitable diets but not 
enough skilled cooks to prepare the food. . . 


fo return from Mr. Doyte’s somewhat 


philosophic excursion — and to leave. strictly 
metallurgical applications of pyrometry it 


may be stated that many readers of Mera 
Procress probably would have found papers of 
interest among those on general engineering 
For example, in one the use ol thermocouples 
in testing steam turbines was described; others 
treated such matters as temperature measure 
ment of fuel beds, gases, and flames; there were 
papers on plastic molding, surface tempera 
tures, air conditioning, and the food industry 
Even the sessions on oil production and. oil 
refining could not be ignored, because there 
was a paper on tubes for cracking stills. The 


research metallurgist would probably not want 


to have missed “Control and Measurement of 
lemperature under the Microscope”, by 
Cuartes P. Sayior of the Bureau of Standards, 
in which experiences with temperatures rang- 
ing from —120 to 1100° C. were described. The 
full-time pyrometrist certainly would have had 
the sessions on optical pyrometry, special theo- 
rics and methods, precision thermometry, and 
automatic control and instruments on his must, 
or at least maybe, list. 

Hlowever, as is easily deducible from the 
statistics given at the outset of this report, pre- 
paring the list and following it were two vastly 
different operations. Single conflicts of sched- 
ule are well known to attenders of Metal Con- 
vress technical sessions, but here were doubles 
and triples as well. Loose-ends can fortunately 
be caught up, because some of the papers will 
appear in publications of the Institute of Physics 
and in other journals, and eventually in a com- 
plete volume. If the career of the long-out-of- 
print 1919 volume is any indication, success of 
a new bound volume is assured. 

At the close of the formal proceedings, 
most of the participants seemed to feel that the 
svinposium had been a very useful undertaking. 
A few dissenting voices were heard, including 
that of an active worker in the 1919 meeting, 
but it usually developed that the pessimists had 
heard no discussion of pyrometric problems 
connected with their own special products. It 
is true that the seeker of information on a 
single product or thing had a chance of being 
disappointed, but not much of a one, for there 
was even a paper on temperatures of volcanoes, 
furmaroles, and hot springs! 

Incidentally, persons well known to & 
members were prominent in organizing the sym- 
posium: C. O. Fareuinp was chairman of the 
veneral committee and Rosperr B. SosMAN was 


chairman of the committee on metal industries. 


Controllers and Recorders for a Non-Ferrous Mill (Courtesy the Foxboro Co. 
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ivylinder Biocks 


for truck engines 


A pictorial story of operations at 


Mack Manufacturing Corp. 


New Brunswick and Plainfield, N. J. 








YLINDER BLOCK for a heavy duty six-cylinder truck engine requires 


a jolting machine, about as large as they come, to ram up the cope 


and the drag. Sands, which pass the standard tests for texture, porosity 


and moisture content, run into the flask from overhead storage bins. 
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Despite the aid given him by modern mold- 
ing machinery, rugged flasks, accurate patterns 
and carefully blended and prepared sands, the 
preparation of a large and intricate drag for 
such a cylinder block requires much expert 
care of a skilled artisan. As will be seen in the 
sequel, from this point on the mold is an assem- 
bly of many cores, and if they are to fit accu- 
rately together this foundation must also be 
accurate in all respects. Once reaching its posi- 
tion on the pouring floor the drag is carefully 


leveled up and the molder uses a blow torch to 


skin-dry those surfaces that tend to gas a little 


when the molten metal strikes them. 





























. However, it required a 
toolmaker, assigned to the 
foundry as assistant supervisor, 
to bring this idea of accuracy 
to a practical operation. Some 
of the methods in use are 
shown on these two pages. Al 
left is a machine for boring 
centers in matched pairs of 
cores for water jackets; cutters 
are of cemented carbide and 
accuracy is on the order of 
0.002 in. Note the well-designed 





jig for accurate centering 
Workman shown below is plac- 
ing one half of a barrel core on 
the bed of a grinder; mating 
pairs are then pasted together 


ready for the mold. 












A Engineers of Mack Manufacturing Corp. 
have long held the premise that accuracy 
on the molding floor will pay dividends. It 
enables them to reduce wall thicknesses of water 
jackets with assurance of uniform metal, not too 
thick, not too thin, thus improving heat trans- 
mission and saving about 15‘. of the net weight. 
It enables them to reduce machining allowances, 
and save correspondingly in the machine shop. 
It even enables them to core holes in heads and 


flanges to 0.010 in. tolerance 
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Seventy cores are required for a_ single the steel templet with stops on its upper face 
engine block and 25 more for the head. Here that has been placed on the flask and centered 


the molder has placed one of the cylinder barrel by its machining pins.) Prior to this operation, 
cores in the mold, and is carefully checking it the lower half of three water jacket cores has 


for position by scale and straightedge. (Note been placed and carefully adjusted by templet. 


December. 1939: Page 739 











»: - 


th 


4 


— ee 


Once the mold is prepared, then 
comes the problem of making a 
sound casting having these intricate 
passages, machinable yet wear 
resistant. The automotive industry 
has long relied on nickel and chro- 
mium additions to give these essen- 
tials to a mixture of gray iron and 
steel, cupola melted. Mack trucks 
have, however, used a tougher alloy 
material for brake drums. since 
1931, so a 2% nickel, 0.25° chro- 
mium addition is readily handled 
in the foundry. Ingot metal and 
alloy briquettes are added at the 
charge floor. Since strength and 
machinability (that is, graphite size 
and distribution) of the finished 
casting depend on the melting and 
pouring temperature as well as the 


analysis, the temperature of the 


alloy iron is measured as it is 


tapped from the cupola; molten 
iron is held in these covered ladles 
the correct time so that uniformity 


in pouring is constant. 














A little metallurgy: Conflicting requirements of 
machinability and strength (that is, hardness and wear 
resistance) are almost impossible to meet in plain gray 
cast iron. If a dense, low silicon iron fairly high in car- 
bon is cast, it must be annealed before it is machinable 
at the speeds demanded in mass production. To make 
such metal castable in thin sections around water jackets, 
silicon would have to be high, and this increases the 


solidification shrinkage, hence the liability of leaks under 





hydraulic test. Nickel strengthens and _ stabilizes the 
pearlite matrix rather than forms hard carbides. Hence 
the Brinell hardness of the cylinder iron may be increased 
to 225 or even 250 without impairing machinability, and 
the graphite flakes are smaller and more uniformly dis- 
tributed. With a litthe chromium the hardness is further 
increased, and this nickel-chromium combination elimi- 


nates the tiny spots of hard iron carbide and prevents the 





tendency of thin sections of a non-alloy to chill. Stable 


ferrite, small graphite flakes uniformly distributed, and Sandblasting Overhead 
freedom from iron carbide segregations are all micro- Valve Motor Heads 
structural characteristics that improve wear resistance. Three Cylinders En-Bloc 








Cleaned castings are given a 12-hr. stress metal so that alignment and fine accuracy 
relieving heat treatment at 900° F. in these of machined dimensions in the finished 
90-ft. electric furnaces. This stabilizes the motor are maintained during operating life 
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After principal reference sur- 


faces are touched up with a 


grinder on those spots where 


fixtures are to be clamped for the 
first machining operations, the 
rough casting is lowered en a 
target fixture for checking all 
cored holes and the position of 
critical surfaces. his fixture, 
with its auxiliaries, is designed to 
check a casting in one minute, 


and clear it for the machine shop. 





But first all water pas- 
sages must be proven water 
tight. In this test-rig all open 
holes leading to the jackets 
are plugged and water at 90 
psi. injected. No loss of 
pressure (leakage) can be 
tolerated. Low silicon irons, 
containing 1 to 2% nickel, 
low in solidification shrink- 
age, enable the foundryman 
to cast thin walls alongside 
heavy ones without porous 


regions at change in section. 
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Drilling for oil lines and rough boring fo 
crankshaft and camshaft bearings, idler 


— 


and magneto holes is only an indication of the 
enormous amount of fine machine work to be 


done on the cylinder block and its head, and 


vear 


emphasizes the need for machinable castings 
This alloy iron of satisfactory hardness and 
wear resistance can be drilled at 130 ft. per min 
whereas 80 would be considered good on a plain 


gray iron of equivalent microstructure 


December, 1939; Page 743 














schernoff’s 


a 


HUNDRED YEARS AGO artillery 

(field guns, siege guns, coast defense 
and naval cannon) was made either of the 
traditional bronze or the more “modern” 
castiron. The bronze was more commonly 
called brass, even though the usual alloy 
was 90° copper and 10%: tin. Owing to 
the inherent limitations of these materials 
the powder charge had to be moderate and 
artillery therefore had a short range and 
low accuracy. Efforts to improve the 
strength of the tubes took the form of placing 
hoops of iron or steel around the breech, thus 
increasing the strength against bursting. 

Steel available at that time was either 
cemented bar or crucible cast. The difficulties 
of making large guns of this stronger material 
were great; nevertheless the Russian pioneer, 
Colonel Onoukuorr, devised a workable method 
and founded a plant in 18638 for their manufac- 
ture. Some of them were quite satisfactory, and 
there was not the slightest doubt as to the excel- 
lent potentialities of steel as a gun material, but 
as often as not some of the other guns were 
thoroughly bad, and no one actually knew why. 

Such was the problem that confronted a 
young instructor in mathematics, Dimrrry Kon- 
STANTINOVITCH TSCHERNOFF by name, taken from 
the Petrograd Institute of Technology to become 
what we would now call metallurgist of the 
forge plant. He found in the crucible shop sea- 
soned old workmen brought from the Urals, 
some of them carrying the old Anossoff tradition 
of steel making; there were also experienced 


English foremen in the forging department. 


By Nicolas T. 


Consulting Engineer, Institut de Soudure Autogene, 





Dimitry Ischernoff 


1839 - 1991 


Pioneer Russian Metallurgist 


Young TscHeRNoFrF spent night and day at the 
forge, experimenting with samples of differently 
treated forgings, talking to old workmen and, 
in their company, training his eye to gage cor- 
rectly the temperatures of the cooling billets. 

It was in the course of these experiments, 
conducted single handed among the din and 
noise of a big steel plant, but carefully noting 
all observations and recording results, that 
PscHerNorr made the discovery of the critical 
lemperatures in steel, which was destined to 
become the nucleus of what we call the science 
of physical metallurgy. Since 1939 is the cen- 
tenary of the birth of this great man, there is 
ample reason now to recall the circumstances 
of the discovery and the later events in his life. 

This momentous discovery was published 
as an addendum to “A Critical Survey of the 
Papers of Lavrov and Kalakoutzky on Steel 
Guns, and His Own Researches on Same”, pre- 
sented to the Imperial Technical Society. This 
was in 1868, a year momentous in the history of 
Russian culture, as MenpeLterr published in 


that same vear his Periodic Law of the Chemical 


Belaiew @ 


France 


Paris, 
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Elements, and Totstoy wrote “War and Peace”. 
Of the importance of this discovery in the Obouk- 
hoff forge, HENky Marion Howe, in his monu- 
mental work on “The Metallography of Steel and 
Cast Iron”, says “Next in value to the discovery of 
these steel making processes comes the birth and 
rapid growth of the new science of metallography, 
which .... set the metallurgy of iron on a scientific 
basis .... The first very important step was taken 
by Tscuernorr, who in 1868 enunciated the chief 
laws which govern the metallography of iron.” 

In this early address TscHERNOFF started his 
remarks with the observation that what he wanted 
to show was the influence of the thermal treatment 
on steel and the relation between the forging and 
quenching temperatures and the grain of the 
finished product. He drew before his audience a 
graph (the one we show was reproduced by him 
in 1916) where, on a scale like a thermometer 
scale, several temperatures were plotted from the 
point o, the freezing point of water, to the point a 
corresponding to a dull red heat, point b full red 
heat, and a point ¢ the melting point of the steel. 
These points, he said, vary within certain limits, 
moving up for low carbon steels, and down as the 
carbon content increases. The significance of 
these points was defined by him as follows: “Steel, 
however hard, if heated to a point below a cannot 
be hardened, no matter how quickly cooled; the 
steel heated to below b does not alter its structure 
whether slowly or quickly cooled, but, if heated 
above b, the steel changes its structure from gran- 
ular to amorphous, which it retains during further 
heating, even up to point c.” 

(The present writer would interject the fol- 


‘ 


lowing interpretation of “granular” and “amor- 


phous”. Tscuernorr and his disciples intently 
studied the coarse crystals found inside ingot 
cavities, the granular structure of sound steel cast- 
ings and the wonderful markings on Damascus 
swords. The much finer crystallization in a refined 
steel structure is visible only under a microscope 
then and for 30 years an unused instrument 
and was therefore unrecognized; the refined struc- 
ture was called “amorphous” in contrast with the 
macroscopic crystallization called “granular’’.) 
The practical importance of the a and b tem- 
peratures is very great, as by determining the 
former it was possible 
to find the minimum 
quenching temperatures 
latter gives the mini- spondence Between 
mum temperature for 
refining the structure. 
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Tschernoff'’s Diagram of 
1868, Redrawn by Him in 
for hardening, and the 1916 to Show the Corre- 
His 
Critical Points a and b and 
Osmond’s Points A, and A 


In order to fix this refined austenitic grain 
(as we call it now), TscHeRNorr recom- 
mended in this paper to cool the billet in 
water to just below the point a, that ts to a 
dull brown. As pointed out by Howe, all our 
present-day heat treatments — quenching in 
oil, quenching in water, air cooling or nor- 
malizing, the double heat treatment are 
based on TSCHERNOFF’s precepts. 

The audience was also aware of the 
importance of the principles laid down; the 
paper started violent discussion. The presi- 
dent, the famous mineralogist GADOLIN, pro- 
fessor at the Michael Artillery Academy, in 
summing up the proceedings drew attention 
to the extraordinary scientific manner in 
which the researches of the young works 
engineer were conducted. TscHerNnorr him- 
self was well aware of the importance of this 
meeting and his concluding words were: “The 
forging of steel — in its forward movement 
will not deviate from the path where we put 
it today, gentlemen.” 


And so it was. The Proceedings of the 
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Imperial Russian Technical Society then had a 
rather wide circulation in Russia and also 
abroad. The principal steel plants, Krupp 
among others, very soon got acquainted with 
TSCHERNOFF’s work, and the improvement in 
gun manufacture and in armor plate fabrication 
was immediate and lasting. The engineering 
world, however, had to wait until 1876, when W. 
ANDERSON translated this paper under the title 
of “Remarks on the Manufacture of Steel and 
the Mode of Working It”. Copies of that paper 
were privately distributed among his friends 
and those interested in the metallurgy of steel. 
In 1880 an abstract was also printed in the 
Proceedings of the British Institute of Mechan- 
ical Engineers, and a complete French transla- 
tion in the Revue Universelle des Mines 
(reprinted in Revue de Métallurgie, 1915). 

The scientific importance of the 1868 paper 
is of no less consequence. It is sufficient to say 
that TscHernorr’s two critical points a and b 
(in the form adopted by Osmonp and designated 
by him for typographical reasons A, and <A,) 
are the foundation of our present-day equilib- 
rium diagram of the iron-carbon solid solution 
(steels). Le Cuarecier’s pyrometer did not exist 
at that period and experiments with BecQuereL’s 
thermocouple did not give satisfactory results 
when working in a big steel plant. So Tscuer- 
NorF had to rely on the skill of the old workmen 
and on his own trained eye. Thus his critical 
points were determined as “dull red heat” and 
“full red heat”, which are terms familiar to a 
foreman in a steel plant or a forging shop. Stull, 
one must not forget that at that time the skill of 
the melter and foreman was very high and that 
for practical purposes TscHeRNorr’s definitions 
were quite satisfactory. 

The complete identity between the points 
a and A,, suggested by TscHERNOFF and OsMoOND 
has never been seriously questioned. However, 
TSCHERNOFF always insisted that he defined the 
transformation taking place at b as one ot 
change of structure or as a “refining” tempera- 
ture, and that the processes involved were more 
complicated than a mere allotropic change. He 
always experienced difficulty in accepting 
Osmonp’s views on allotropy in toto, as he 
strongly realized the importance of carbon and 
other elements and their influence on the lattice 
structure and on the polymorphic transforma- 
tions of iron. These considerations also led 
TSCHERNOFF very early to the introduction of 
two more critical points, d and e, which he 


placed at 200 and 450° C. He defined these as 


the range to which a sample of steel heated 
above a had to be cooled rapidly to get a 
quench. We know now that these points cor- 
respond to the suppressed transformation points 
Ar’ and Ar” first measured in brilliant experi- 
ments with quenching solutions, about 25 years 
ago, by Porrevin and CHEVENARD. 

Thus TscHEeRNOFF was very much ahead of 
his time. As with many pioneers, his work and 
his name became temporarily dissociated. He 
left the gun factory in 1880, and for several 
vears devoted his talents to geology discover- 
ing and developing an important deposit of rock 
salt, which made him economically independent 
and again able to devote his attention to metal- 
lurgy. Returning to St. Petersburg he was “dis- 
covered” by General DeMIANENKOorr, director of 
the Michael Artillery Academy, who appointed 
him to be professor of the new chair of physical 
metallurgy (1889). Fame then came, slowly but 
surely, to TscHERNorr and he was hailed at all 
international gatherings as “The Father of the 
Metallography of Iron”. His other work had to 
do with the primary solidification of steel, 
wherein he was able to secure unmatched fir 
trees 10 in. long, the erosion of guns, the manu- 
facture of projectiles, the bessemer process, and 
the production of steel direct from ore, and the 
ancient art of steel making as exemplified by 
armor and Damascus swords. 

More important was his profound influence 
on his many students, among which the writer 
proudly numbers himself. I shall also never 
forget that house in the suburbs, where TSscHER- 
Norr lived with his family and his books, in a 
kind of estate as a country gentleman, and still 
at a stone’s throw from the avenues leading to 
the center of the town. In one of the buildings 
was his laboratory and his library. It is there 
that he loved to show his famous collection of 
Damascus blades. He would bring out a violin 
of his own make and compare its tone to one 
of his Stradivarii, or take from one of his port- 
folios some photographs of snow crystals and 
illustrate by their growth the dendritic crystal- 
lization of steel. In lighter moods he would 
bring out a bottle of his famous elderberry wine, 
from the fruit of his own garden, and start a 
dissertation on some subjects dear to his heart. 
He lavished attention on all his pupils. Seldom 
did a young artillery officer, on leave, fail to 
visit the revered old gentleman. Everyone came 
to him with his private worries — scientiflc, 
technological or personal—and none left 
empty-handed, but soul and body refreshed. © 
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§ Vu Iphide 


nclusions 


from clay packing 


ECENTLY some small carburized parts, 


which had caused processing difficulties, 


came to the attention of the Republic Steel 


Corp.'s laboratory. Only the outside surface of 


these parts was carburized, the splined bore 
having been packed with clay and sealed at 


each end with a steel plate and a liquid, used 


commercially to prevent carburization. Some 


of these parts were quenched direct from the 
carburizing operation. After quenching and 
removing the packing from the core, spalling 
was observed on the internal spline of the direct 
quenched parts. 

Other parts were packed in a similar man 
ner, but furnace cooled from the carburizing 
temperature; a subsequent welding operation 
was performed on the inside surface of these 
parts, whereupon a boiling effect was produced 
in the weld metal and the finished welds were 
unsound. 

The micro at the head of this article shows, 
at 150 diameters, an unetched cross-section 
through one of the inside surfaces. Those areas 
appearing light gray in the photomicrograph 
were actually a pale yellow color. 

In making various tests to determine the 
nature of these vellow inclusions, it was found 


that a 10% aqueous solution of chromic acid 





By George K. Manning’ 


(H.CrO,) lightly attacked the dark gray and 
black areas in ten minutes’ time, but left the 
vellow areas unaffected. A subsequent etch in 
boiling alkaline sodium picrate removed all of 
As shown in the “Method for 


Identification of Inclusions in Iron and Steel”, 


the inclusions. 


data sheet in October's Merat ProGress, page 
1141, these tests indicated that the troublesome 
layer was full of iron sulphides and a sulphur 
print of a cross-section (shown on the next 
page) confirmed this indication. Filings taken 
from this inside surface analvsed more than 1% 
sulphur! 

A sample of the steel used in these parts 
was carefully cleaned in carbon tetrachloride, 
then packed and sealed in the same clay and 
heated for ten hours at 1700° F., the carburizing 
temperature, in an electric furnace. The same 
high sulphur layer was apparent after polish- 
ing a cross-section of the sample. Analysis of 


the clav then showed that the sulphur present 


"Metallurgical Laboratory, South Chi« ago Plant, Republic Steel Corp. 
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as sulphide was nil, but that the sulphur present 
as a sulphate was 0.237. Further analyses 
indicated that aluminum was the principal 
metal bonded to the sulphate radical. 

To determine if other forms of sulphur 
might also be capable of sulphidizing the same 
steel, samples were dipped in high sulphur cut- 


ting oil, packed and sealed in a clav known to 





Sulphur Print of Steel Tube Carburized Out- 
side but “Protected” Inside by Packing With 
Clay Contaminated With Aluminum Sulphate 


be free from all forms of sulphur, and heated 
for ten hours at 1700° F. The sulphide layer 
was again evident on the steel, though in this 
instance it was confined to a depth of 0.002 in., 
while with the sulphate bearing clay it had 
penetrated to a maximum depth of 0.010 in. 

It is significant that after packing with clay 
the ends of the defective parts were rather 
thoroughly sealed. Therefore, 
the oxides of sulphur formed 
by the decomposition of the ey 
aluminum sulphate in the ir 
clay at the carburizing tem- 
perature probably built up to 
a very considerable concen- 
tration. Although the clay 
contained less than 0.25% 
sulphur, all of it was avail- 
able at the steel-clay inter- 
face, due to the fact that the 
decomposition product of the 
sulphate was gaseous and 


could not escape. S 











Zinc alloys 
for hot working 


By J. Raber and E. Schmid 


1bstracted from The Metal Industry, 
Oct. 13 and 20, 1939, page 239 and 345 


OME vears ago, experiencing a continuous 

shortage of copper and brass, the German 
metal industry turned to zinc (of which there 
are readier supplies) for a suitable substitute. 
An intensive search was made for the most 
important alloying elements in order to 
strengthen and toughen the relatively weak, 
brittle zine. 

The most important alloy addition to zine is 
aluminum, which is added in quantities up to 
10°.. It is extraordinarily effective in decreas- 
ing the grain size of the material, simultaneously 
hardening it; the castability is improved, and 
the amount of iron taken off from the crucible 
is decreased if the additions of aluminum are 
only very small. 

Examination of text and of the equilib- 
rium diagram in @ Metals Handbook, page 1738, 
shows a eutectic melting at 715° F. between 
alpha solid solution with less than 1% aluminum 
in zine and beta solid solution of 21° aluminum 
in zinc. At 520° F. this beta solid solution tends 
to change into a gamma solution of the same 
crystallography, but containing 65% or more 
aluminum. The alpha solution has the crystal- 
lography characteristic of zinc, namely the hex- 
agonal close-packed with a few aluminum atoms 
substituting for zinc atoms, whereas beta and 
gamma are both substitutional solid solutions in 
the face-centered cubic crystal characteristic of 
substantially pure aluminum. | 

The alloying metal second 
in importance is copper, which 
is at the moment added up to 
1‘. in the forgeable alloys of 
zine. Copper also causes hard- 
ening and a decrease in grain 
size; at the same time it 
improves the corrosion § resis- 
tance. The latter is also 
improved very much by minor 
additions of magnesium. Even 
quantities of only some hun- 
dredths per cent eliminate the 
grain boundary sensitivity 

(Continued on page 782) 
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From **The Commercially Important Wrought Copper Alloy s,” by Chase Brass & Copper Co. 


Chemical and Physical Properties 





COEFFICIEN' 
PHERMAI 

















or THERMAI ELECTRICAI - 
DENSITY; MELTING EXPANSION; Conpuctiviry; (“@NOUCTIVITY 
NAMI COMPOSITION Ln. PER Cv. POINT; AvERAGI LACS. Cal So. Co. 
IN. “F. 25° C. To (ANNEALED) OM./SEC./'( 
300° C. vr 20" C, 
Electrolytic 
tough pitch copper Oxygen about 0.04¢, 0.323 1980 17.7x10 101° 0.94 
Oxygen-free copper Substantially pure copper 0.323 1980 17.7x10 101 0.94 
High conductivity 
phosphorized copper | Phosphorus about 0.007 0.323 1980 17.7x10 101 0.94 
Low conductivity 
phosphorized copper Phosphorus about 0.02, 0.323 1980 17.7x10 80 to 90: 0.77 to 0.85 
Arsenical copper Arsenic about 0.25% 0.323 1980 17.7x10 15 to 80 0.46 to 0.73 
Tellurium copper 
Type A Fellurium about 0.56 0.323 1980 18s x10 8 0.92 
Type B (hardened) — Tellurium 0.5%, nickel 1.07, 0.323 1900 18 x10 60 0.62 
phosphorus 0.2% 
Fabrication Properties 
APPROXIMATI BES1 ; APPROXIMATI 
RELATIVI Siete APPROXIMATI RELATIVE SUITABILITY Res arevi 
SUITABILITY ATURI FOR BEING WELDED MACHINABILITY 
NAMI FOR BEING WORKED For Hot 
WORKING; CARBON METAL ReEsIs1 lyri 
CoLp Hot °F. AS Ant An ANCI RATING* Cup 
Electrolytic 
tough pitch copper Excellent Excellent 1400-1600 Poot Fair Good Poor 20 Long 
Oxygen-free copper Excellent | Excellent 1400-1600 Fair Good Good Poot 20) Long 
High conductivity 
phosphorized copper Excellent Excellent 1400-1600 Fait Good Good Poot 20) Long 
Low conductivity 
phosphorized copper Excellent) Excellent 1400-1600 Fait Good Good Poor 20) Long 
Arsenical copper Excellent Excellent 1400-1600 Fair Good (,ood Fair 91) Long 
Tellurium copper 
Type A Excellent Excellent 1400-1600 Fair Fair Fair Poor 10 Short 
Type B Excellent Excellent 1400-1660 Fair Fair Fair Fair 100 Short 
“Free cutting brass 100. 
Average Hardness and Tensile Properties of the Seven Types of Copper 
Figures are average and not to be used for specification purposes 
YIELD 
ROCKWELI Ps STRENGTH 
SECTION TENSILI we SHEAR 
GRAIN SIZE OR TEMPER HARDNESS STRENGTH scclinn pone mney STRENGTI 
ce ’ ELONGATION IN 2 IN TH, 
Hear TREATMENT Pst. Unnen Sranss: Pst. 
k B Pst. 
0.040-in, sheet; 0.015 mim.; anneal 5 35.000 10.000 1) 24 000 
0.040-in. sheet; 0.030 mm.; anneal 10) 32.000 10.000 to 23,000 
0.040-in. sheet; hard 90 51,000 15.000 10) 28 O00 
0.040-in. sheet; spring Q5 57.000 53.000 (} 29 000 
1 x 0.049-in. tube; 0.030 mm.; anneal 1() 32.000 10.000 5 23 O00 
1 x 0.049-in. tube; hard ; uD) 50,000 15.000 12 28 000 
No. 12 B.&S. wire (0.081 in.) : 0.030 mm.: 
anneal 32,000 10.000 24 000 
No. 12 B.&S. wire; hard 60,000 55.000 10.000 
l-in. rod; hard 10,000 ; 3) 25 000 
l-in. rod; hard (Type B tellurium 
copper only) 76 70.000 17.000 18 15.000 
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MODERNISM brings new customers and new profits to rail- 
Typical is the “Broadway Limited,” leader of the 
Pennsylvania’s fleet of nine new streamliners. From car truck 
frames of Nickel alloy cast steel to Nickel-copper-molybdenum 
steel roofs, Nickel saves weight, lengthens service life and 
pushes down cost per mile and cost per year, 


roads. 





WHETHER you're hauling extra fare passengers, or 
Nickel can make each 


ounce, each inch of metal do more work at lower 


doing precision machining 


cost per year. 

Nickel, alloyed into steels, irons or non-ferrous 
metals, provides improved mechanical properties. 
The heightened abilities of Nickel alloyed materials 
cut rejects during production, lower machining costs, 
and increase profits by lengthening service life. For 
specific information about money-saving applica- 
tions of Nickel in your industry, please address your 
inquiry to the address below. 


REJECTIONS CUT 75% —“Since using Nickel steel (SAF 
1615) rejects due to warpage in heat treatment have dropped 
75%,” says Jacobs Mfg., Co., Hartford. “This Nickel-molyb 
denum steel provides required hardness and toughness in drill 
chuck jaws, plus added core strength to prevent bending or 
breaking. Nickel alloyed chucks 


boring and machining, 


stay accurate—assure accurate 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N.Y. 
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ailure of 


Pcs: 


under fatigue and impact 


UITE OFTEN, the production manager or 

‘ foreman of a metal-working plant is con- 
fronted by a machine operator with a broken 
die or punch or tool of some sort; almost invari- 
ably the explanation of the accident is “It just 
broke, I don’t know why”. In many cases, the 
true cause of breakage is beyond the operator's 
knowledge and responsibility. In fact, there is 
a surprising lack of knowledge even among tool 
designers, toolroom supervisors, heat treaters, 
and set-up men about the many apparently 
small details which have a large effect on the 
operating efficiency of machines, the life of the 
tools and the quality of the product. 

It is therefore worth while to preach a 
little sermon to the text “More attention should 
be given to small details”, especially as these 
affect the fatigue strength and the impact 
strength of the tools. 

As should be well known, the fatigue 
strength, or the endurance limit, is that stress 
below which a material will withstand an 
indefinite number of cycles of stress without 
failure. No attempt will be made to analyze 
the mechanism of fatigue failure, for that has 
been done elsewhere by far more competent 
persons; however, attention should be called to 
the fact that laboratory experiments to deter- 
mine the endurance limit are made on speci- 


mens whose surface is shaped and smoothed 


*Tinnerman Stove 


ools 


and Range Sakis 








Courtesy Timken Holler Bearit 


By C. E. Bretmey 6* 


with extraordinary care, This is necessary, else 
the results will be very erratic. In other words, 
a slight irregularity in shape or smoothness will 
increase the theoretical stress at that point, and 
cause premature failure. 

One might almost expect that careful tool 
designers and tool makers would therefore take 
the greatest care to avoid these notches, 
scratches, machine tool marks and sharp cot 
ners. Since unfortunately they do not, it is well 
to cite some laboratory experiments determin 
ing their actual effects. RK. Cazaud reported in 
Revue de Métallurgie in 1936 that fatigue 
strength can be reduced as much as 40% by cut 
ting a circular groove 0.003 in. deep around a 
\,-in. soft steel rod. KR. Mailaender in the Krupp 
Laboratories observed that the fatigue strength 
of a steel can be reduced as much as 80% by 
notches, the actual percentage being dependent 
on the radius at the bottom of the notch and the 
hardness of the steel. W.N. Thomas states that 
fatigue strength of a polished specimen was 
reduced anywhere from 2 to 20 by machining 
marks, depending on the process; heavy filing 

Speed-Nut Cleveland 


Division, 
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reduces it as much as 18 to 20°; fine emery 


polishing 2 to 3° 


Of all mechanisms, springs are the best 
examples of parts which must have an endur- 
ance limit well above their working loads. That 
so many springs break is due not so much to 
inferior metal as to the damage done them by 
scratches from improper forming tools, rough 
oxidized surfaces from heat treatment, or cor 
rosion in service. All these are eflicient stress 
raisers, or cause notches that are efficient stress 
raisers, bringing the actual loads at a critical 
point considerably above the endurance limit of 
the metal. 

Researchers at the National Physical Labo- 
ratory in England have studied the effect. of 
surface conditions on the fatigue strength of 
springs. The results of this work show thal 
surface irregularities produced by manufactur 
ing operations may reduce the actual endurance 
limit (not of the metal but of the spring) by one 
quarter to one half of that to be expected on the 
basis of tests on finely machined and ground 
specimens. Tests made by Lea and Heywood 
on chrome-vanadium valve spring wire showed 
that the torsional endurance limits increased 
almost twice after machining and polishing the 
wire. Results obtained by Hankins and Ford 
showed that a decarburized surface laver left 
there by heat treatment reduced the endurance 
limit of silicon-manganese steel from 
107,000 to 60,000 psi. The writer has 
seen examples of flat) steel springs 
reduced approximately 50° in fatigue 
strength by tool marks only 0.001 to 
0.002 in. deep. 

Doubtless the last statement should 
be modified by saying that at the region 
where the tool marks occurred there 
was also enough cold work to thin the 
material slightly. The circumstances 
are as shown in the accompanying 
sketch. In this tool set- 
up there was inadequate 
clearance between the 
forming tool and the 
inside post or arbor. The iets 
Thinned a Little, 
strip being bent to a 
required shape is a 0.70% 
carbon steel, formed in 
the annealed state, and heat treated subse- 
quently to spring temper. This stretching of the 
material has the same weakening effect as a 


sharp notch, and is often overlooked as a cause 


(Sometimes blame has been placed 


of failure. 








Finished Spring Chip 


lf There Is Insufficient Clearance 
Between Inside Arbor and Forming 
Tool, and the Metal Ils Squeezed and 
This Spot Will 
Locate Many Fatigue Cracks Later 
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upon both heat treatment and such finishing 
treatments as electroplating.) Thinned spots 
of this sort may be more susceptible to embrit- 
tlement by hydrogen from a cleaning or plating 
tank, and therefore are further weakened at the 
already “unhealthy” region. 

It may be pointed out that designers are 
well acquainted with the above facts. Engine 
valve springs, aircraft propellers, axles, and 
many other high duty machine parts are exam- 
ined carefully, even under a magnifying glass, 
to make sure there are no damaging marks. 
Likewise the notation “Must be free from tool 
marks and scratches” is quite common on prints 
for parts subject to stress. But a somewhat 
familiar knowledge of the habits of tool and die 
makers, machine operators and inspectors leads 
the writer to state that little attention is paid to 
such notations. This is said with no thought 
of questioning the ability or honesty of these 
men. The accusation to be made is that they 
are not aware of the importance of such small 
marks, scratches and notches as a source of 


trouble. 


Factors Affecting the Impact Strength 


A true impact failure may be defined as 
instantaneous rupture without plastic distortion 
under instantaneously applied stress. These are 
ideal conditions. In 
practice, when the load 
is not applied instan- 
taneously and some 
plastic distortion takes 
place, the failure results 
from some combination 
of tensile or compres- 
sive and shear stresses. 
“Toughness” is resist- 
ance to such a complex 
system of stresses. 
Obviously, then, the 

present Charpy and 
Izod impact tests cannot be 
correctly described as_ tests 
of toughness. 

More than any other 
property, the toughness of 
steel is probably affected 
more by changes in the distribution and com- 
position of the micro-constituents — that is to 
say, its heat treatment. For instance, see the 
curve sheet reprinted on the next page, setting 
forth data by W. HL. Wills (“Further Study of a 





















































High Carbon, High Chromium Tool Steel”, & 
Transactions, Vol. 25, p. 1013). Chemical anal- 
vsis of the steel he used was: 1.565 carbon, 
11.48%. chromium, 0.24% ° vanadium and 0.76% 
molybdenum. This is an air hardening steel, 
and all samples were cooled in still air. Some 


were heated 30 min. in an open fire at 1700, 


00 F 
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Relation Between lzsod Unnotched Impact Values 
and Rockwell C Hardness After Various Heat 


Treatments. 15° C115 Cr steel. (After Wills 


1800 and 1900" FF. Others were 3 hr. at the 
same temperatures but packed in spent char- 
coal to minimize surface changes. Pieces were 
then drawn and tested in quadruplicate. 

Note that the impact values very generally 
are considerably higher for pieces quenched 
after a short heating than after a long heating; 
the impact values for the 30-min. samples also 
interchange in a rather unpredictable way. 
Quenching temperature also seems to have a 
minor effect on impact values (except on very 
high draws) if the samples are a long time at 
heat, but the combination of long time and high 
temperature before quench causes erratic 
results — that is, the test figures have a wide 
spread from maximum to minimum. 

Ratio of impact value to hardness is impor- 
tant. Given a good working hardness, a high 


value of this ratio (near unitv) is had on this 





steel at all draws between 200 and 1000" F, afte: 
cooling from 1800° F. (30 min.). 
ratios are had after cooling from 30 min, at 
1900 and drawing at 600 to 800° F., 


Even higher 


but such a 
high heat is likely to coarsen the grain and give 
erratic and low impact tests. 

These variations, as shown by Wills for a 
high chromium steel, do not hold for steels of 
other compositions. To prove this point the 
following torsion impact values have been 
published by Bethlehem Steel Co.: 


Hicgu CAaRBon, PLAIN Hicu 
CONDITION HicgH CHROMIUM CARBON SPEED 
\s quenched 24 10) 
Drawn at 300° ] 125 
DOO” I DO 50 
Hoo? I 0) 
700° F, 35 
800° F. ay) 7) 
850° F at 
G00" | is 
950° I 15 
1000° I is 0) 


However, the impact values of heat treated 
alloy steels are definitely related to the drawing 
temperature and, of course, the hardness values, 
The high impact value of the plain carbon 
steel after a 300° F, draw results from the 
extreme hardness, and a steel so heat treated 
could not be expected to stand a great bending 
strain. A high speed steel with the lower impact 
values after drawing to say 700° F. would have 
no great practical application. However, a plain 
carbon steel tool drawn at 700° F. would have 
wider uses even with the lowered impact values, 
than if drawn at 500° F 


Lhe application of the tool decides the tem 


with high impact 


pering temperature. If a sacrifice of either 
property, hardness or impact strength, is to be 
made, the use of the tool decides which shall be 
viven the controlling consideration. Isolated 


cases have been seen in which an exceedingly 


low drawing temperature of approximately 275 
Fr. has been successfully used in alloy toolsteels 

Before leaving this complex subject of the 
relationship between composition, heat treat- 
ment, toughness, hardness and utility, it may be 
remarked that toolsteels of the same general 
tvpe, but with a variation in some alloving ele 
ment, show distinct characteristics which, if 
known, may be put to advantage in certain 
applications. On the other hand, known char 
acteristics may prohibit their use for another 
tvpe of tool. To cite an example of two well- 
known brands of high carbon, high chromium, 
air hardening toolsteel, one contains an addition 
of about O.80' 


molvbdenum. This steel shows 
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excellent “toughness”, even though the air hard- 
ening steels are generally understood to be not 
very remarkable in that respect. The other 
brand, in addition to the usual carbon-chro- 
mium content, contains 1% tungsten. Tools 
from this analysis show remarkable cutting 
ability, outwearing the first-mentioned by a 
large amount when used, for instance, as a press 
blanking tool. In contrast, its “toughness” is 
low and it is unwise to use it in an application 
which includes a bending strain, 

Many level-headed metallurgists believe 
that, in the case of a tool failure, a change of 
steel will not necessarily eliminate the trouble. 
Undoubtedly, the first consideration should 
be to eliminate the stress concentration. But 
this is not always possible, and the writer 


has had many experiences in which a change 


LL 


treating. Oil hardening manganese _toolsteel 
was then tried; these punches stood six or eight 
strokes of the press before they cracked. High 
speed steel was used next. The results were very 
unusual, for the punches produced millions of 
blanks and never were replaced, notwithstand- 
ing many hard strains put on them by operating 
inaccuracies in other stations of the die. The 
drawing temperature used on these punches 
was 900° F. (Reference to the data given above 
for different drawing temperatures of high 
speed steel will show that this temperature pro- 
duces a high impact value.) 

However, a wholesale substitution of high 
speed steel in blanking dies is not 
advisable. Considerable care must 
be taken in fitting punches to dies of 
this steel, especially if the metal 











Breaks 
as Shown Ww 
Breakage ps 
at Sharp | = \ 
Corner Yb Die. ~ V3e 
Inside Forming Arbor That Has Serious Round Tool for Cold High Speed Steel, Drawn at 
Stress Concentration at Corners Under Header. Cracks from 900° F. for High Impact 
Lip. Since it was impossible to change the corner wreck car- Strength, Produced a Blank- 
the design it is necessary to make the bon steel tool in about ing Die That Was Practically 
part of a steel with high strength, high 20,000 operations. Cr-Ni Indestructible, Notwithstand- 
impact resistancee and fatigue resistance steel tripled the life ing the Wery Frail Section 





of steel entirely cured a_ serious difficulty, 
although the recognized stress concentration 
remained. 

The left figure on this page shows an inside 
forming arbor used in a bending fixture for a 
punch press. Pressure causes a stress concen- 
tration at the sharp corners under the lip, and 
the requirements of the part made it impossible 
to alter the shape of the tool in any manner 
which would relieve the condition. Plain car- 
bon toolsteel and manganese oil hardening tool- 
steel were tried without success. High speed 
steel was eventually tried with very gratifying 
results. 

A similar case is shown in the right-hand 
sketch. This is a blanking punch with a rather 
unusual section, due to the frail s')-in. section. 
For the first set of press dies made, an air hard- 
ening (high carbon, high chromium) toolsteel 


was specified. These punches cracked in heat 


being blanked is fairly thin. Such close fitting 
is difficult because high speed steel usually 
shrinks, scales, or otherwise loses 0.002 to 0.005 
in. on a part about *%4 in. square. The best heat 
treating practices will, of course, minimize this 
loss. Whenever the finished tool can be ground 
to size, there is no cause for concern, but in die 
work very little grinding is possible on contours 
of blanking parts. 

A cold heading bumper tool is shown in the 
central sketch. When made of plain carbon 
toolsteel they averaged 20,000 pieces per tool. 
This is a circular tool and the breakage occurred 
at the point where the angle of the nose 
adjoined the straight portion of larger diameter. 
As an experiment to reduce replacement costs, 
a chromium-nickel steel was tried and these 
tools averaged 60,000 pieces before breakage 


occurred —- just triple the previous production 
using plain carbon toolsteel. 8 
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ritical 


oints 


by the Editor 


© Plainfield and New Brunswick in New 
Jersey, with GrorGe SrTrAHAN of Interna- 
tional Nickel Co.’s publicity department to see 
how a truck engine is built. A. H. SANprorp, 
assistant chief inspector for Mack Mfg. Corp., 
guided us through the maze of machinery, and 
dispelled any idea that a 5-ton truck engine is a 
rough and ready machine. It’s tough enough, 
but able to stand up to heavy service because 
of high quality and precision in all its parts. 
Cylinder block castings, for instance, get a 
12-hr. stress relief so they will 

oe ee hold their accuracy; cylinder 


bores, after finish machining, 


accurac 

Y are honed to remove the last 
a fetich 0.001 in.; piston pins are ground 
of truck and lapped until the surface 


viewed at 50 diameters appears 
dull under diffuse light rather 
than reflecting brightly from the 


makers 


micro concavities of tiny polishing scratches. 
Diesel engines have a nickel cast iron sleeve 
pressed in for long wear and all blocks for 
gasoline or diesel engines have stellited valve 
seat inserts—rings of low expansion, 40% 
nickel-iron alloy, ground to shape, refrigerated, 
and driven home in the warm block. Reminis- 
cent of practices observed 20 vears ago at Rolls- 
Royce, each engine gets a 314-hr. test on the 
block, whereupon it is dismantled, inspected, 
rebuilt, and given a final 314-hr. run before 
being released to the assembly line. 


At a rather large luncheon, expressed the 
idea that our own Army but especially the Navy 
department would do well to take the editors of 
engineering magazines somewhat into their 


confidence. There is rarely any non-military 


discussion of the thousands of engineering ques- 
tions that must constantly be arising in this day 
of mechanized battle. Certainly these prob- 
lems are not being solved with the ease and 
certainty that admits of no help or criticism. 
If the road builders, the air- 
mamas: craft designers, and the 

steel makers profit from 
censorship free discussion of their 


of military current problems in_ the 
. . technical press, military 
information , 

engineers should likewise 
A parallel may be 


American 


benefit. 
drawn between the ignorance of 
engineers concerning the techniques of naval 
defense and the vacuum of international news 
enveloping Italians, Germans and_ Kussians. 
In contrast, the responsible British engineering 
magazines frequently discuss (even today) such 
things as U-boat defense, speed and maneuver- 
ability of aircraft, fuel supply for motorized 
equipment — discussions that must have been 
written against a generous background of accu- 
rate information about current conditions in 


the land, sea and air forces. 


At that same gathering Col. GLEN F. JENKs, 
of the Army ordnance department and an 
expert on heavy artillery, expressed the opinion 
that “snowflake”, that dread scourge infecting 
such a large percentage of gun tubes manufac- 
tured by war babies during World War I, is 
something that is controllable and need not now 
become a cause of rejections. While com- 
mander at Watertown Arsenal he detailed 
GratiAN YatTsevircH of the research staff to 
study the ingot, forge and 
a ee heat treating practice of the 
flakes in 


gun tubes 


four American firms which 
have had long experience and 
great success in gun manufac- 
a ture. In some ten years 
study a body of safe practices 
was recorded and system- 
alized and is now available to American firms 
who contract for gun forgings either in quantity 
or on “educational orders”. That they are 
effective is proven by the experience of Cam- 
den Forge which used them and has had no 
trouble—-whereas an equally competent 
organization, which went ahead on its own, had 
several rejections from flakes. 
Over at the plant of W. S. Tyler Co., 
Cleveland manufacturers of wire cloth (among 
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other beautiful things), to see how Gerorai 
Kunin, metallographer, polishes without wheels 
or emery cloth. HeGu Brows, director ot 
research, said they have merely adapted old 
methods sec, for instance, the note on p. 771. 
Nevertheless Kuin is now able to report back to 
the wire mill a grain size determination within 
H0 sec. (ves, seconds), and since fabrication of 
non-ferrous wire of standard analyses is con- 
trolled by micro grain size rather than tensile 


or clongation tests, one can 


speedy easily see whata prompt report 
" ‘ means to the operator of a con- 

polishing 
tinuous annealer. To be as 


J ae 
without brief as the method: Fine wire 


abrasives is wrapped tightly around a 
small bakelite cube; coarse 
Pe kee wire is bent for a good plicr- 

hold. Three or four strokes on 
a mill file flatten the sample, it is) grasped 
with tweezers wired to the positive pole and 
immersed just below the surface of the polish- 
ing solution in a shallow beaker. The solutions 
vary, but one part of nitric acid in two parts 
A strip of 


stainless steel cloth acts as cathode for pulsat- 


of alcohol will do for most alloys. 


ing direct current rectified from 60-cvcle alter- 
nating current in a battery charging sel, and 
transformed to about 60 volts. In 10 sec. the 
lile mark ridges slough off and the surface is 
scratch-free and flat enough to photograph at 
250 diameters. Etching to bring out) grain 
boundaries then proceeds merely by twirling a 
rheostat knob and reducing the imposed voltage 
to near zero. A quick alcohol wash, a warm air 
blast, and the sample is ready for the micro 


scope. Presto! 
| 


Herewith is placed on record a personal 
snort of disdain for the manufacturer of a S115 
vas range (retail price) who puts in a common 
steel spring to shut the oven door, which spring 
corrodes in the condensate collecting below the 
insulated walls, lets go, and then costs” the 
owner 35.22 in mechanic’s labor to dismantle 
the stove to a point where it can be replaced 
with a non-corrodible spring costing 70¢ (retail 
price). A friend with a passion for anonymity, 
but even so a maker of good springs, writes that 

the material in these springs 
costs $53.99 costs L2é each for hard 
drawn spring wire of carbon 


fo save 1%43« 
steel, which rusts and which 


ses strength at 250° F 


Chrome-vanadium steel wire 


Vetal Progress $ 


resists heat better (at least to 400° F.) and costs 
6.6¢, but will also rust. Enough inconel for 
this spring costs 14.5¢; it can operate under a 
fiber stress of 50,000 psi. at 700° F. and doesn't 
rust. It oughtn’t to cost much more to make 
and install an inconel spring than a carbon 
steel spring (other than the raw material), vet 
the stove manufacturer pinches 13.5¢ out of 
his stove and the customer later spends nearly 
“6.00 to keep the oven door closed — a minor 
matter but really necessary if the festive turkey 


is to attain a proper brown! 


Opined that test engineers, many of them 
ASMembers, will have a new outlook on life 
after reading Watrrer Davenrort’s “The Car 
Killers” (Colliers for Oct. 28). His main thesis, 
which we endorse, is that traflic accidents are 
due to the driver and not to the car, and he 
proves it by a sprightly account of a visit to 
the research laboratories and proving grounds 
“wherein metallurgists, chemists, physicists and 
other scientific persons pursue a dissatisfied life 

_a dour crowd who spend their time sneer- 
ing at their own work.” |Who’s afraid of the 
big bad wolf? Mr. Davenrort describes the 

laboratories as “a_ sort of 
Birty Rose carnival of sci- 


some mornr- 


entific whoopee”, about as 


technical accurate, even after making 


technology allow ancee for jou rhna list ic 


jargon, as his finding an 
ELEANOR Ho~tm in “. .. . the 
diffraction X-ray device, the 
idol of engineers . a sort of lie detector that 
noiselessly bombards metals with atoms” or 
“the magnatlux apparatus, wherein the bar is 
dusted with iron powder; delicate magnets are 
lowered, and quickly all surface iron powder is 
drawn off, leaving only the small quantity that 
has fallen into a crack no microscope has been 
able to show up”. Is it only an accident, or is 
it a sign of progress in non-technical tech- 
nology, that no mention was made of the crys- 


tallization of metals in fatigue? 


Some current definitions among non-tech- 
nical papers in mid-vear examinations: 

Conundrium \ rare metal from the mines tn 
the Acrostic repion 

Barium-— What they do to dead people. 

Electrolyte \ thing which when it is dark 
vou turn on and it gets bright. 

Silicon 

Chlorine 


A tipsy jailbird. 
A dancer in a night club 


Boron \ nit-wil 
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ures for the magnetic pet 
meability. 

The experiments made 
were simply this: The ring 
to be observed was placed 
in a furnace and _ slowly 

C ad heated or cooled. Prior to 
orrespon ence taking a magnetic reading, 


the ring was de-magnetized, 





then the direct current was 

switched on, the fluxmetetr 

e reading recorded, and the 

and foreign letters permeability calculated and 
plotted against the tempera 

ture at the time. The struc 

tural states of the 1.05% 

carbon steel remeasured by 

this method were No. 2, 4 

and 5° of the previous lettet 

The accompanying graph shows the results 
obtained. In No. 2 (furnace cooled) the height 


pecial Letter to METAL Progress of “cementite wave” is 222 and the magnetk 


By O. A. Tescut 
Metallurgical Physicist 
Randfontein Estates Gold Mining Co., 


“Troostite” or “Fine Pearlite” 


residue is 276 (in units of permeability). 


Ltd. No. 4 (air quenched): Height of cementite 


wave is 173; magnetic residue is 58. 




















ANDFEFONTEIN, TRANSVAAI The observa No. 5: The oil quenched steel shows a large 

tions communicated under the above head- difference between “up” and “down” curves, 
ing in the March issue of Merat ProGress have obviously due to a structural change which | 
been continued during the past few months. | think is the breaking down of residual austenite 
found it desirable to during the heating ecvele (up 
revise the testing to Sot C. or 670° F.) Lhe 
method. The dimen- | height of the cementite wave 
sions of the test ring on the “down” curve is 170 and 
were left unaltered, but 500 the magnetic residue is 68. The 
the primary coil around cementite wave in this case 
one portion of this ring shows a remarkably large 
is now connected to 400 lateral spread that is, the 
either a source of direct changes start at about 240° ¢ 
current for magnetizing, - (450° F.) and continue down to 
or an alternating cur- > JOC 90° CC. (190° F.). 
rent for de-magnetizing. S Possibly the differences 
The secondary coil is iS a observed in the magnetic resi 
connected to a Grassot & — due between slowly cooled and 
fluxmeter, indicating rapidly cooled samples ar 
Maxwell turns. Lhe ye caused by differences in the 
primary direct current ‘ thickness of the ferrite lamel 
used in these later lae;: there is some evidence in 
experiments was such 0 the physical literature that thin 
as to create a uniform 100 200 300 °C films of iron are magnetically 
magnetic field of 20 Changes in Permeability of Ring hard——simplv because they 
cus. units within the Vagnets of High Carbon Steel on are thin. However this mav be, 
ring. By a simple cal- Wild Reheating. No. 2 had been the fact remains that the 
culation the indications furnace cooled, No. 4 quenched cementite wave is a_ physical 
of the fluxmeter can be in an air blast and No. 5 in oil property often highly sensitive 


transformed into fig- EEE to variations in structure 
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. 
of 105° Car- 


Left is normalized 


Negative Views (Cementite Light 
bon Steel at 5000 Diameters. 


I also made a few observations on the elec- 
trical resistance of samples at room temperature 
and after the various heat treatments and | 
obtained the following results: 

l. As (Rockwell B-96 
1.83™10-° ohms. 

2. Heated for 35 min. at 900° C. (1650° F.) 
and cooled in the muffle (Rockwell C-14): 2:00. 

t. Heated as under 2, but cooled in com- 


from factory 


pressed air (Rockwell C-34): 1.97. 
5. Heated as under 2, but quenched in oil 
Rockwell C-47): 3.44. 
Da. Heated as under 5, and then heated fo1 
30 min. at 400° C. (750° F.): 2.05. 
6. Heated as under 2, but quenched in brine 
Rockwell C-61): 4.11. 
7. Treated as under 6, and tempered for half 
an hour at 400° C. (750° F.) (Rockwell C-45 2.04. 
8. Heated for 35 min. at 900° C. (1650° F.) 
and austempered at 400° C, (750° F.) in molten 
lead for half an hour (Rockwell C-49) : 2.05 10 
ohms. 
rhe results from No. 2, 4, 5a, 7 and 8 are all 
very similar, tending to show that the separation 
into cementite and ferrite must be quite com- 
plete when the sample is cooled in cold oil o1 
when the rapidly 


more slowly, or more 


quenched samples are re-heated to 750° F. 


Apart from this useful finding it is, however, 
recognized that the electrical resistance is not 
at all a “structure-sensitive” property; the dis- 
tribution of cementite and ferrite has almost no 
spheroidized 


influence on it. (The coarsely 


state No. 1 as received from the mill is an excep- 


tion to this rule.) 
Finally, I 


made another, more direct 








structure, center is brine quenched and tem- 
pered at 750° F., right is austempered at 750° F. 


attempt to throw light on the nature of the iron 
carbide distribution in “pearlite”, “sorbite”, and 
the other structures. An examination of my 
original photographs, reproduced in the former 
letter (March 1939, pages 274 and 275), showed 
that many areas of these would stand further 
magnification. The special technique I devised 
for this purpose was as follows: Diapositive 
plates were prepared from the original nega- 
tives and then projected, with a magnification 
of 284 diameters, onto gaslight paper. These 
prints, now all at 4000 diameters magnification, 
are really negatives of the original structures; 
as tests have shown, however, this is a decided 
advantage in revealing the details of the cement- 
ite distribution. The cementite lamellae or 
globules appear in a light color on a dark back- 
ground. 

The best picture was obtained from the air 
cooled (normalized) sample No. 3; it shows that 
in this area at least the cementite has left the 
rigid order of pearlite and has assumed a cellu- 
lar design. (It must, however, be said that this 
is not the general rule.) Likewise, in the oil 
quenched sample (No.5) the cementite, although 
perhaps lamellar, attains a greater freedom of 
form than in well-defined pearlite. Of special 
interest is also the austempered sample (No. 8); 
the cementite has acquired an unusual form. 

Again I draw attention to the occurrence of 
lamellar elements in the brine quenched and 
tempered sample (No. 7, the central one in the 
group reproduced). This phenomenon is con- 
trary to the usual concepts; but I may mention 


that I found lamellar elements in the original 
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photograph of the brine quenched sample; it 
may have originated by the cooling curve (tem- 
perature vs. time) crossing for a short distance 
the “nose” of the Bain-Davenport S curve. It is 
possible that, on tempering, iron carbide crys- 
tallized onto these faint lamellae, bringing them 
out more clearly in the tempered sample. 
QO. A. Tescut 


Endurance of Valwe Springs 


Special Letter to MeraL PRoGRESS 
By ALBERTO OREFFICE 
Chief Engineer, Steel Department of the Fiat Co. 


URIN, Irary 

Metrat ProGress was published a brief note 
telling of our success in appraising the excel- 
lence of valve-spring wire by its ultimate 
tensile strength and the number of alternate 
180° torsions it would endure before frac- 
ture. This note contained minimum values we 
now specify for such wire of various diam- 
eters, values which if exceeded we have found 
to correspond with satisfactory life in service. 

This additional note is to show that high 
endurance limit in hard drawn, quenched and 
tempered carbon steel wire is associated with 
a high number of alternate 180° torsions, as well 
as a high ultimate tensile stress. Some authori 
ties maintain, mistakenly, that there is a defi- 
nite relationship between ultimate strength in 
torsion and the endurance limit. This does not 
always hold true, as shown in the adjoining 
table which gives the results on two different 
spring-steel wires 4!.-mm. (0.177-in.) diameter. 

It will be noted that all test values are 


Valve Spring Wire With High Endurance 


In the March issue (1939) of 


within the same range of magnitude except the 
alternate 180° torsions and the endurance limits 
(established for axial stress between no load 
and maximum in tension). The first steel will 
withstand on the order of 170 alternate torsions 
and its endurance limit is 0-55,000 psi. The sec- 
ond steel, which has proven itself to be a very 
fine steel for valve springs, will withstand more 
than twice the number of alternate torsions (390 
average) and its endurance limit is raised to 
about 0-84,000 psi 
ALBERTO OREPFFICI 


Lining a Small Induction Furnace 


Special Letter to MerTaL ProGress 
By GrorGe F. ComstTock 
Metallurgist, The Titanium Alloy Mfg. Co. 


IAGARA Fauus, N. Y. In Mr. Austin’s discus 
N sion of special refractories, at the top of 
page 654 in November Merat ProGress | noticed 
that magnesia is stated to be a suitable material 
for ramming around clay-bonded magnesia 
crucibles in small induction furnaces. That 
method was used by us, but it gave such fre- 
quent and serious trouble that we soon gave it 
up, and tried zircon instead of the magnesia. 
This was found much more satisfactory since it 
does not shrink. The zircon does not normally 
get hot enough to react with the basic crucible, 
and no trouble of that kind has ever been 
encountered. 

Our experience with clay-bonded magnesia 
crucibles is that they invariably crack in cooling 
after the first melt. When packed in a shrink- 
ing material like magnesia the steel penetrating 
the cracks in the cru- 
cible is very apt to find 


a passage through to 











TENSILE TESTS Torsion TESTS Ay reRNati the coil, thus preventing 
_ NDURANCI 7 . 
PEMPER 180° " — further operation, but 
. = IMT : . . 
Yretp ULtTiMatre ELoNGA. Yretp ULTIMATE Torsions with the non-shrinking 
; zircon packing the cru 
0.960 C, 0.62 Mn, 0.19% Si, 0.037% ic S : ae 
cible cracks do not mat 
As received 214,800 248,000 o% 02.400 ( 59 5 . 
pred “ we 1.5 102.4 190,600 Io2 o1,190 ter. The zircon should 
164° F, 239.000 264.500 3 118,000 190.600 163 51.190 a ; 
536 223.200 260,200 | 3.5 113,800 190,600 170 51,190 be a dry uniform mix- 
608 210,500 253,000 | 4.5 95,300 190,600 145 62,600 ture of 85° granular 
O80 202 000 247.501 5 ‘ , 9° yA : ’ 
, 247,000 | 95 91,000 184,900 221 57,590 and 15° milled. Warm- 
0.68% C, 0.560 Mn, 0.230 Si, 0.035% P. tr S ing the crucibles slowly, 
As received 204,800 241,700 3.5% 78,300 182,000 370 85,320 as recommended by the 
164° F. 240,300 258.800 9.5 139.400 192.000 360 81.100 maker, each time the 
536 231,800 251,700 j 139,400 89.100 a ( 
mae paint rete . 39,4 189.1 100 51,100 furnace is started up 
60S jj  223,2 OO 243,200 ) 139,400 189.100 350 89.600 : 
680 202,000 234,600 6 135.000 192.000 {85 82.600 from room temperature 
has been found to be a 
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useful precaution; we accomplish this’ by 
arranging a lighted 100-watt electric light bulb 
inside the crucible during the night before we 
intend to operate. 

Possibly some of your readers might be 
interested in another method for making mag- 
nesia linings for steel melting in small induction 
furnaces, which we have used successfully, but 
which is not mentioned in the article referred 
to. This method involves sintering the dry lin- 
ing material in place by means of graphite 
plugs which are heated inductively. One plug 
should be made as large as the outside of the 
magnesia crucible which otherwise would be 
used; this is for sintering the zircon. Another 
graphite plug the same size as the inside of the 
crucible is required for sintering the magnesia 
lining. Both should be slightly tapered, have 
small vent holes drilled from top to bottom, and 
a threaded cavity at the top for a bar for removy- 
ing the plug while it is still hot. Any absorbed 
carbon (or reducing effect) is then removed 
from the sintered zircon by exposure to air 
while it is still red hot, thus preserving its full 
insulating value. The vent hole is necessary to 
prevent gas pressure from lifting the plug out 
of the furnace during the sintering process. 

This method is applied to a 17-lb. furnace 
in the following way: After packing the bottom 
of the furnace firmly with the dry 85-15 zircon 
mix, the sheet-mica cylinder is inserted and 
expanded to fit tightly against the coil. The 
mica should not flake readily when bent, and 
may be formed conveniently around a_ glass 
bottle slightly smaller than the inside of the 
furnace coil. The furnace bottom is generally 
built up with zircon somewhat above the base 
of the mica. Then the larger graphite plug is 
set in place, and it should have a layer of paper 
about 0.025 in. thick glued closely around its 
sides, to burn away during sintering and pro- 
vide clearance for easy removal afterward. The 
plug we use is 445 in. in diameter at the top, 
Mh. in. at the bottom, and 8 in. tall. The dry 
zircon mix is packed very firmly around it, 
hammering the rammer at each layer, to insure 
the tightest possible packing. 

Care should be exercised at this point not 
to tear away any flakes of mica, for if they get 
in the zircon weak spots or cracks will be 
formed. One way to avoid this is to protect the 
inner surface of the mica with a strong paper 


cylinder while ramming, the paper being raised 


and torn off at the top after ramming each 
layer, so that none of it remains behind. 


Another scheme which we are now using is to 


inside diameter, 814 in. tall, to wrap the mica 


have a glass cylinder, 544 in. outside, 5,‘ in. 


around, and leave it in the furnace while ram- 
ming, raising it after each layer so that it does 
not become fast, and finally removing it from 
the furnace when the zircon is nearly all 
rammed in place. 

The top of the graphite plug is kept from 
burning during the sintering operation by a 
cover of moist carbofrax cement about an inch 
thick. 
15-kw. power for 15 min. and 20 kw. for 25 


The best sintering job was done with 


min. more. The sintering must be suflicient to 
keep the zircon in place and fairly hard, but 
should not be continued long enough to car- 
burize it too much. After the 40-min. sintering, 
the power is shut off, the carbofrax layer 
removed, and the plug pulled out carefully and 
buried in a can of graphite chips or dust to 
prevent burning. ‘The sintered zircon should 
be open to the air while cooling, to burn off any 
carbon absorbed from the graphite or paper. 
After cooling, any slight defects in the inner 
surface can be patched with zircon cement, 
using a minimum of inorganic binding agent 
such as bentonite, and drying finally with the 
electric light. 

For the magnesia lining a mixture of 60% 
“normag”™ (electrically sintered MgO through 20 
and on 60 mesh) and 40° electrically fused 
MgO through 200 mesh is rammed on the zircon 
bottom and around a graphite plug 3°, in. 
diameter at the top and 31% in. at the bottom, 
and 714 in. high, coated with paper like the 
other one. The top of the graphite should be 
protected with carbofrax as before, and sinter- 
ing is accomplished with 15 kw. for 20 min., and 
19 to 20 kw. for 20 min. more. This plug is 
removed while hot, and the sintered magnesia 
allowed to cool while freely exposed to the air. 
When cold this lining is generally loose from 
the zircon, since it shrinks in cooling, but this 
seems to do no harm. Defects can be patched 
with 200-mesh electrically fused magnesia, or 
half magnesia and half zirconia, moistened with 
The top of the fur- 
nace is finally shaped with a ring of “nor- 


dilute hydrochloric acid. 


malith’, or chrome or mullite cement, which 
should not be too wet, and is dried with the elec- 
tric light bulb over night. 

Crucibles made in this way have given sat- 
isfactory service in melting both low carbon 
and alloy steels, and the materials required cost 
COMSTOCK. 


very little. GEORGE F. 
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Collision Testing 


(stainless in light weight cars) 


Special Letter to Mera ProGress 
By Epwarp G. Bubp 
President, Edward G. Budd Mfg. Co. 


p™ ADELPHIA, Pa. — I have read with 
interest the editorial in the Sep- 
tember issue of Merat ProGress telling 
of the accidents on the Southern Pacific 
Railroad. In your description of the 
cars involved in the Tortuga wreck you 
say they had a side sheathing of stain- 
less steel. These cars were indeed 
covered with a very thin molding of 
stainless steel, having the corrugated 
appearance which with us is standard 
on our type construction. 
This sheathing had nothing to do 
the 


entirely appliqué and was meant to give the 


with actual strength of the car. It was 
train the glistening appearance which we have 
popularized. With us the appearance is entirely 
secondary. We use stainless steel because it is 
very strong and very ductile, and can be relied 
The fact 


that it is also non-corrosive helps us to get a 


upon to carry its share of the load. 


beauty to the train which cannot be gotten so 
readily by paint, and a permanency of appear- 
ance which paint does not secure at all. 


Epwarp G. Bupp 


Colored Films in Micrography 


Special Letter to MevraL ProGress 
By ALBERI 
Professor, Ecole Centrale des Arts et Manufactures 


PORTEVIN 


ARIS, 


alloys owe 


The 


their 


FRANC so-called stainless 


chemical resistance or 
passivily to the formation of a superficial film. 
that 


insulates them from the 


often invisibie, 


reagent and thus pro- 


tects the metal from a 
continuation of the 
chemical attack. It is, 
in fact, the chemical 
attack itself that pro- 
vides protection by 


interposing the product 
of the reaction between 
the 
gent. This phenomenon 


metal and the rea- 


Fig. 1 


Vasquerading as Grain Boundaries. 








Cracks in Colored Films on Ferrite 
1000 


mav be induced or amplified by means of appro 
priate additions either to the metal or to the 
attacking medium. 

Oxide films exist naturally, even at room 
the 
aluminum, copper and iron, but they are trans 


temperature, on common metals such as 
parent, only 10 to 100 Angstrom units thick and 
consequently invisible. If, however, their thick- 
ness is increased either by raising the tempera- 
ture, by a stronger chemical action or by an 
electrolytic action, until thicknesses equal to 
the wave length of visible light are reached, 
these films cause interference colors. These are 
usually observed on iron and copper heated in 
air, producing the temper colors formerly used 
as an indication of temperature in the temper 
ing of hardened steel. 

When still thicker, these films are no longet 
transparent but assume the color of the oxide 
This is scale on steel; sometimes the oxide 
formed is crystalline, the oxide crystals being 
oriented regularly upon the grains of the under- 

lving metal by definite 

relationship between 
the space lattices of the 
two materials. 


These colored films 


Twinned Crystals. 200 


December. 1939: Page 61 


above mentioned, of 
Fig. 2 Colored Film = on 
Ferrite. Which Has Broken 
Square Across Two Grains 
and. Photographing Bright 
on One Side, Suggests 













































Equally 
Spaced and Oriented Cracks 
in Film Over Austenite Sug- 
vest Re petitive 7 winning 
750). Fig. 4 and 5, right 
Crystalline Appearance 
on Melted Nickel Due to 
Floating Oxide Film. (12> 


/ ig. a, above 


thickness equal to wave 
lengths in the visible 
spectrum, whether 
oxide or other types, are 
very well known among 
metallographers and have long 
been used by them for revealing 
the microstructure of metals and 
allovs. The color of the film 
depends on its thickness, and the 
thickness, for given conditions of 
attack and especially for similat 
polished surfaces, depends on the 
chemical nature of the constitu 
ents, on the concentration of solid 
solutions, and on the crvstalline 
orientation of the grains. Since a 


verv slight variation in intensity of 
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attack causes a marked change in color, this is a 
process of considerable sensitivity, but, on the other 
hand, is not specific or quantitative 
because of this color variation with intensity of attack. 

Classic examples could be cited 
high temperature oxidation to differentiate cement- 
ite from phosphide in cast irons (as first proposed by 
Wist and Goerens); of picric acid etching in satu- 
rated alcoholic solution to differentiate austenite from 
martensite in hardened steels (originated by F. Robin 


and Gartner); of etching by sodium 








hydrogen peroxide to detect and study the heterogene- 
ity of concentration of alpha solution in bronzes (as 
originally suggested by the writer). 

Likewise differences in the orientation of grains 
may be revealed by this process, which provides one 
of the best methods of obtaining highly contrasted 
and very brilliant images of crystalline aggregates 
for example, the hot, saturated picric solution for aus- 
tenite and also for ferrite, the ammonium nitro- 
molybdate reagent of Malette which gives beautiful 
effects of varied and extremely pure colors, clearly 
differentiating the grains. 

Figures 1, 2 and 3, by courtesy of Mile. Mayer of 
Dujardin’s laboratories at Dusseldorf, are examples 
obtained with the last-mentioned reagent. They also 
demonstrate certain peculiarities 
that may lead to errors of inter- 
pretation. For instance, ruptures 
in the films can be seen which 
simulate grain boundaries; in 
some places the film is raised and 
lowered along a rectilinear ridge 
separating two symmetrical areas 

one white, which is the grain 
denuded of its film, and the other 
colored by the lowered film. This 
latter might be erroneously inter- 
preted as indicating the presence 
of twins in the grains. 

Figures 4 and 5 
{courtesy of R. Castro) 
reproduce at 12 magni- 
fications the free = sur- 
face of electrolytic 
nickel remelted = in 
vacuum in an alumina 


Continued on page 798) 


Fig. 6, below Deeply 
Etched Austenite, Whose 
Dendrites Are Marked 
Zebra-Like, Suggesting a 
Eutectic. 200 








in character 







of etching by 











hvdrate and 

























as always. we ll be | If 
our best to keep thy Christmas « 
in telephon 
BELL 


TELEPHON] SYSTEM 
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Personals 


George A. Goepfert &, formerly 
of Independent Pneumatic Tool 
Co., Aurora, LiL, is now metallur- 
& Tool Co., 


gist at Ross Gear 


Lafavette, Ind 


S. K. Oliver @, formerly with 
Electro-Motive Corp., 
Ill., is now with Douglas Aircratt 
Co. in Santa Monica, Calif 


La Grange, 


Jerome Strauss ©, vice-presi- 
dent in charge of research and 
development for Vanadium Corp 
of America, recently moved from 
the laboratories in Bridgeville, 
Pa. to the general executive offices 
in New York City. 


J. Thomas Mahl, H. J. Barton 
G. C. G. Taylor @, and E. C. 
Black @ are representatives of 
the Mahl Steel 
Huntington Park, Calif., formerly 


the Mahl Steel Co 


Taylor Corp., 








grinding wheel makers. 


Nene, a 
—— 


NEW — DIFFERENT — BETTER 


Recommended by nearly all grinding machine and 
Phone or write today for 
Free Working Sample and 24 page “CODOL” booklet. 


D. A. STUART OIL CO. Ltd. 


CHICAGO, U. S. A. 


© Warehouses in Principal 
me Industrial Centers 











EST. 1865 








Please address request for free sample and booklet to our 
general offices at 2727 SOUTH TROY STREET, CHICAGO 
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Comstock @ has 


been appointed associate profes- 


Geogory J. 


sor of powder metallurgy at 
Stevens Institute of Technology, 
Hoboken, N. J. Clair W. Balke 
has been appointed assistant pro- 


fessor 


Promoted by Vanadium-Alloys 
Steel Co.: M. W. Caruthers, past 
chairman, Rhode Island Chapter 
@, to New England manager with 
headquarters at Springfield, 
Mass.; H. F. DeLacour @, for- 
merly of New Haven, to New 
York district manager with head- 
quarters in New York City. 


J. C. Joublane ©. 


chief metallurgist for Harnisch- 


formerly 


feger Corp., Milwaukee, is now 
director of metallurgy and 
research for R. G. LeTourneau, 


Inc., Peoria, Hl. 


Ralph C. Miller, Jr. @, sales- 
man for Jones & Laughlin Steel 
Corp., has been transferred from 
the Pittsburgh to the Philadel- 


phia district. 


Named executive vice-president 
in charge of the newly created 
alloy steel division of Copper- 
weld Steel Co. at Warren, Ohio: 
Frederick J. Griffiths @, for the 
president of 


past three years 


Grifliths-Bowman Engineering 
Co. and formerly president of 


Timken Steel & Tube Co. 


Henry D. Phillips @, formerly 


chief metallurgist and general 
superintendent, Dodge Steel Co., 
Philadelphia, has been made 


engineer of Lebanon 


Lebanon, Pa. 


product 
Steel Foundry, 
Warden F. Wilson has resigned 
as Pittsburgh district manager, 
Steel Foundries, to 


become general manager of sales 


American 


for Lebanon. 


Richard A. Schaus @ has been 
transferred from Carnegie-Illinois 
Steel Corp. to Columbia Steel Co. 
in Pittsburg, Calif. 


G. A. Reifsnyder © is now with 
the Timken Roller Bearing Co., 
Steel and Tube Division, in the 
mill metallurgical department. 
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BOTH LIGHT AND TIGHT 


By no means least among the advantages of modern 
materials is the opportunity they afford the designer 
of matching more closely the service requirements of 
the job. 

For example, Carbon-Molybdenum steel effectively 
meets the necessities of oil refining reaction cham- 
bers where temperatures are not over 1000 degrees F. 
and corrosion is not a factor. 

First, its creep strength is so much superior to 
that of carbon steel that sections can be greatly re- 
duced—resulting in a weight saving of approximately 
40 per cent. 


PRODUCERS OF MOLYBDENUM BRIQUETTES, 


Cli 


Second, it is readily weldable—so sound, pressure- 
tight joints can easily be made. 

The net result is that Carbon-Molybdenum steel 
proves an ideal material for the construction of com- 
paratively inexpensive, yet efficient and long lived 
vessels — when requirements are within the limits 
stated. 

To assist you in checking your own material spe- 
cifications we have prepared an authoritative tech- 
nical booklet, “Molybdenum in Steel’, which is sent 
free on request to interested production executives 
and engineers. 


FERRO-MOLYBDENUM, AND CALCIUM MOLYBDATE 


en ke eR ee 
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Personals 


Sydney Nashner @ has joined 
Inland Steel Co., East 


Ind., as a metallurgist 


Jack Leeder @, formerly with 
the Crucible Steel Co. of America 
in Harrison, N. J., 


ing at Massachusetts Institute of 


is now study- 
Technology for an advanced 


degree in metallurgy 


THESE 
PLANTS 


by WHEEL 


More than 450 found- 
ries like these have 
installed Wheela- 
brator airless abra- 
sive blasting equip- 
ment within the 
last 5 years. 





Campbell, Wyant & Cannon Fdry. 
Muskegon, Mich 


Providence, R. I 
Joliet, I 
Chicago, Il 
Blossburg, Pa 
Newark, Ohio 
Kohler, Wis. 
Toledo, Ohio 
Philadelphia, Pa 
Buchanan, Mich 


Brown & Sharpe Mfg. Co 

Wm. E. Pratt Mfg. Co 

Western Foundry Co 

J. P. Ward Foundry 

Newark Stove Co 

Kohler Co 

Uniteast Corp 

Dodge Steel Co 

Clark Equipment Co 

Gunite Foundries Rockford, Il 

Link Belt Co Indianapolis, Ind 

American Chain Co York, Pa. 

Andrew Terry Co Terryville, Conn 

Auto Specialties Mfg. Co St. Joseph, Mich 
Rockford, Il 

Brooklyn, N. ¥ 

Stamford, Conn. 

Burlington, N. J 
Several places 


Greenlee Brothers Co 
National Foundry Co 

Yale & Towne Mfg. Co 
Thomas Devlin Mfg. Co 
General Electric Co 
International Harvester Co 
Otis Elevator Co 
Delco-Remy Div 

Wright Aeronautical Corp 
Magnus Metal Div Several places 
Milwaukee Valve Co Milwaukee, Wis 
Bohn Aluminum & Brass Corp.. Detroit, Mich 
Milwaukee, Wis 


Several places 
Yonkers, N. ¥ 
Anderson, Ind 
Paterson, N. J 


Sivyer Steel Castings Co 
Chapman Valve & Mfg. Co 
Indian Orchard, Mass 
Nat'l. Mall. & Stl. Cstgs. Co Several places 
Malleable Iron Fittings Co Branford, Conn 


“Am erican 


Chicago, 


\dded to technical and research 
staff of Battelle Memorial Insti- 
tute: Robert R. Adams @, a grad- 
uate in chemical engineering of 
Antioch College, and Arthur R. 
Elsea ©. a 
Ohio State University. 


recent graduate ot 


Cleaveland F. Colburn @, for- 


merly assistant metallurgist at 
Crompton & Knowles Loom 
Works in Worcester, 
now metallurgist at the Sterling 


Foundry Co. in Wellington, Ohio. 


Mass., is 


CLEAN CASTINGS 
HRATING 


net Us 
Blocks, 


Mansfield, Ohio 
Wilmington, Del 
Newark, N. J. 
Greensburg, Pa 


Ohio Brass Co 

Eastern Malleable Iron Co 
Sacks Barlow Foundries 
Walworth Co 

Stockham Pipe Fittings Co. Birmingham, Ala 
Belle City Malleable Iron Co Racine, Wis 
Crane Co Chicago, Ill. 
Adirondack Steel Fdries Watervliet, N. ¥ 
Bucyrus-Erie Co S. Milwaukee, Wis 
Verona, Pa 
Michigan Steel Castings Co. Detroit, Mich. 
Draper Corp Hopedale, Mass 
American Brake Shoe & Fdry. Co. 

Mahwah, N. J. 
Springfield, Mass 
Irvington, N. J 
Wauwatosa, Wis 

Detroit, Mich. 
Several places 

Milwaukee, Wis 


American Steel Fdries 


Gilbert & Barker Mfg. Co 
Atlas Foundry Co 
Liberty Foundry Co 
Cadillac Motor Car Co 
Allis-Chalmers Mfg. Co 
Cutler-Hammer Mfg. Co 
Kalamazoo Stove Co Kalamazoo, Mich. 
Kelsey-Hayes Wheel Co Detroit, Mich 
Bendix Products Corp South Bend, Ind 
Ross-Meehan Feundries Co 

Chattanooga, Tenn 
Ford Motor Co Detroit, Mich. 
Buick Motor Co Flint, Mich 
American Valve Co Coxsackie, N. Y. 
Fanner Mfg. Co. Cleveland, Ohio 
Woodruff & Edwards Elgin, Il. 
Forest City Foundry Co Cleveland, Ohio 
West Steel Castings Co Cleveland, Ohio 
Falk Corp Milwaukee, Wis. 


FOUNDRY EQUIPMENT CO. 


511 S.BYRKIT ST. 


MISHAWAKA, IND. 
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research 


Stein ©. 


manufacturing 


Harold J. 
engineer of the 
department, Allis-Chalmers Mfg. 
Co., Milwaukee, has been 
research, 
ie: Be 
Jarman @& will be Mr. Stein's 
assistant. W. A. Hambley has 
metallurgist in the 


appointed director of 


chemistry and metallurgy. 


been made 
gray iron foundry and Arthur K. 
Higgins & metallurgist of the 


non-ferrous foundry. 


John R. Post ©, Missouri 
School of Mines 1939, is now jun- 
ior assistant metallurgist, Acme 


Steel Co. 


Oliver Smalley &, president ot 
the Meehanite Metal Corp., Pitts- 
burgh, has been re-elected presi- 
dent of the Meehanite Research 
Institute of America, Inc. H. B. 
Hanley, foundry manager, Ameri- 
can Laundry Machinery Co., and 
F. M. Robbins, president, Ross- 
Meehan 
re-elected vice-president and sec- 


Foundries, have been 
retary-treasurer respectively. 


Herbert M. Steinberger ©, for- 
merly metallurgist with the Tim- 
ken Steel & Tube Co., Canton, 
Ohio, is now with the Rotary 
Steel Co., Detroit, as 


metallurgical service engineer. 


Electric 


L. Norris Hall, Inc. has been 
appointed Philadelphia distribu- 
tor for William Jessop and Sons. 


Robert Holloway ©, graduate 
of Columbia Engineering School, 
is now in the employ of the Beth- 
lehem Steel Co., Bethlehem, Pa. 


Nickel Co. has 
made a change in the organiza- 
lion set-up at the Bayonne, N. J. 
laboratory with N. B. Pilling ©. 
director; W. A. Wesley, assistant 
director; E. M. Wise @, staff 
advisor; and D.C, West, manager 


International 


Arthur C. Harper, Jr. @ has 
been made product metallurgist, 
American Steel & Wire Co., 


Cleveland. 


Robert R. Jones @ is now 
employed by the Superior Tube 


Co., Collegeville, Pa. 
































POTENTIOMETER MILLIVOLT METER 








Radio Principle. Control 


Product uniformity cannot reach Par Excellence i your 
temperature control instruments incorporate any degree of 
mechanical play. resulting in lag time and delayed co™ 
trol action. There are no moving mechanical parts to 
wear, stick OF interfere with control accuracy in the 
Wheelco “Radio principle” (electronic) controllers- There 
is absolutely no lag time betwee? temperature deviation 
and instantaneous: complete control action—@ radio im 
pulse does the work. Wheelco offers three types of “Radio 
principle” (electronic) controllers: Potentiometer: Millivolt- 
meter and Thermometer—anY one of which will provide 
the unparalleled answer to your most intricate control prob- 
lem and guarantee production yniformity ;mpossible thru 
any other type of control. proportioning Control is appli write for Wheelco -atalog €0% 


cable to all of these controllers- Complete information will ering complels line of mocer® 


tem pe yature indicating, control 


be furnished upon request. 


ind recorains ‘wstruments 


Wheelco Dustruments Co. 


1929-33 >- Halsted Street Chicage 
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rMWHIS C. 1. HAYES high temperature furnace installa- 

| tion... equipped with Globar Brand Electric Heat- 
ing Elements... is used for clean-hardening high-speed 
steel taps and dies. The equipment has been in service 
only two years, but has long since paid for itself in 
reduced finishing costs and increased production. 
Results like this are typical. Electric heat is ready to go 
to work for you, too, if you want to: 

1. Eliminate rejections 

Reduce manufacturing costs 
3. Increase production 


nN 


4. Lower your insurance rates 
5. Improve working conditions in your plant 








Photo courtesy 
W’. L. Brubaker & Bros. Co. 


But don’t forget, if you want to realize every advantage 
of high temperature electric heat (up to 2750° F) insist 
on Globar Brand Non-Metallic Electric Heating Ele- 
ments. Let our engineers analyze your heating pro- 
cesses with an eye toward making such dividends avail- 


able to you. 





REG. U.S. PAT. OFF 


DIVISION 
THE CARBORUNDUM COMPANY 


NIAGARA FALLS, N. Y. 








(Carborundam and G lobar are registered trade-marks of The Carborundum Company 
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obtains “elimination of decarburization, reduced 
finishing costs, increased hardening production, 
peak quality” with “Certain Curtain” Furnaces. 


Like so many other firms, W. L. Brubaker & Bros. 
Co. of Millersburg, Pa., report saving the cost of 
their “Certain Curtain” furnaces in a very short 
time. Increased production, peak quality, easier 
finishing — trace back “Certain Curtain” benefits 
to their source and you will inevitably discover that 
these benefits center in PRECISION control of the 


For 11 Years the W orld’s Leading atmosphere in the furnace chamber. Here is 


Control that maintains identical atmosphere hour 
Controlled-Atmosphere Furnace . — sage ahiae 
after hour; Control that gives accurate duplication 


of atmosphere at any time by simply duplicating 
manometer settings; Control that permits “blue- 





printing” of atmosphere and facilitates establishing 








the ideal mixture for each steel: carbon, alloy, 





stainless, 18-4-1, moly, and cobalt high speed steels. 


Preferred by an overwhelming majority Such masterly control is found only in furnaces with 


: the patented “Certain Curtain” features! As no 
of Leading Tool Users and Makers ge <2 otagae - gsslrage ie 
other furnace approaches “Certain Curtain” in 


precision of control, so none approaches “Certain 


Curtain” in preference by leading tool users and 
makers. If their gratifying accomplishments can 
be equalled or surpassed in YOUR plant, you want 


to know it! Study the interesting material in our 


new Bulletin 105, sent upon request. 


C. |. HAYES, INC., EST. 1905, PROVIDENCE 


R. G. HESS E. F. BURKE ). E&. FIGNER Cc. A. HOOKER Ww. G. PRAED OTTO P. KOSSATZ CO 
92 Liberty St Room 525, 4614 Prospect Ave 6388 Penn Ave 202 Forest Ave 5069 No. Damen Ave 82 No. Hawtherne Lane 
New York, NW. Y Cleveland, Ohio Pittsburgh, Pa Royal Oak, Mich Chicago, tll Indianapolis, indiana 
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It s NEW! 




















PARK NU-SAL 


(A Re-heating Salt) 


Park Nu-Sal is a bath, designed on an entirely new principle, 
and developed for use as a heating medium for all types of steel. 


x 


Simple to use 


«x 


No Carburization 


*« 


No Decarburization 


*« 


Low in first cost and economical to use 


*« 


No cleaning problems on threaded parts 


An especially fine product for use as a neutral 
re-heating bath for all types of work within a 
range of 1350 to 1650 F. 


Write to us for further details 


PARK CHEMICAL COMPANY 


DETROIT, MICHIGAN 
“Everything for Steel Treating” 
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Electrolytic 


Polishing 


of iron and steel 


The Metallurgist, supplement t 


PDOLISHING of tin for micro- 

examination is particularly 
difficult, because any mechanical 
cutting or rubbing will disturb 


the soft metal to relatively great 


depths. An electrolytic method 
which removes the surface lay- 
ers without mechanical strains, 
is therefore eminently useful. 


The fact that the method is appli- 
to and is 
much more rapid than conven- 


cable other metals 


tional methods, lends added 
interest. 
International Tin Research 


and Development Council has 
reprinted P. A. Jacquet’s original 
paper on “The Electrolytic Pol- 
ishing of Tin and Its Application 
to Examination” 
in its Publication No. 90, Febru- 


19359. 


Microscopical 


Polishing of copper, 
ol 
alloys has also been described 
by the same author in The Metal- 
lurgist for August 1936 and April 
1938. Others applied the method 
It has 
now been extended by P. Jacquet 


ary 


aluminum and certain their 


to zine, cobalt and nickel. 


and P. Rocquet to the polishing 
of iron and steel for microscopic 
eXamination, in an article’ in 
Comptes Rendus, March 27, 19389, 
page 1012. 

Their object was to simplify 
the somewhat long and delicate 


operation of metallographic pol- 


ishing and to avoid the forma- 
tion of any deformed surface 
layer. The electrolyte employed 


was made by pouring slowly, a 
little at a of 


acetic anhydride into a cooled 


time, 765 ce. pure 
vessel containing 185 ec. of 65 

perchloric acid (density 1.61 
ol 


tilled water. The mixture should 


and then adding 50 ee. dis- 
be prepared at least 24 hr. before 
it is to be employed. 

The specimen, whose surface 
has been freed from all foreign 
the 


be a 


matter by abrasion, forms 


anode. The cathode may 





The 


Engineer, June 30, 1939, p. 39 


iron or ol 


plate of 


The current density should be 


between 4 and 6 amperes 


square decimeter of anode 


face. During electrolysis the tem- 
perature must not exceed 30° C, 


(86° F.); 





aluminum. 


per 


Sur- 


hence the electrolytic 


cell must be kept cool. The solu 
tion should be agitated, and since 
its resistance is high, direct cur 
at of at le 


volts is required. 


rent a voltage ‘ast of 


In these circumstances, micro- 
scopic polishing of a surface pre 
viously prepared with 000 emery 
paper takes about 4 or 5 min 
If the specimen has been finished 
on coarser emery or has been 
file, 


longer time is taken 


a considerably 


When the 


rubbed on a 


Faster Cheaper Melting 


The Detroit Rocking Electric Furnace does a faster, cheaper, 
more accurate job of melting. Cheaper raw materials can 
be used without impairing the quality of the product. Any 
size heat is practical. It adapts itself to widely fluctuating 
production schedules of different alloys any desired number 
of hours per day. Any type of charge can be run. Through 
its automatic rocking action and its ability to melt any 
desired alloy under close control of time temperature and 
composition, a Detroit Electric Furnace produces a uni 
formly superior product and a higher percentage yield of 
perfect castings. Because of its many inherent economies 


the Detroit Furnace assures a maximum 
ask the man who uses one. 


investment 


ROCKING 


DIVISION OF KUHLMAN ELECTRIC CO 
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ELECTRIC 


return on its 


FURNACE 


BAY CITY, MICH. AGENTS IN 40 CITIES 








specimen is taken out of the bath 


if 1S covered with al viscous 


brownish-red layer, which ts 
easily removed by washing In a 
current of water followed by 
rinsing in distilled water and in 
alcohol. Subsequent etching with 
the usual reagents Is necessary 

Jacquet and Rocquet have pol- 
ished, by this means, a variety of 
annealed and heat treated steels 


of a wide range of carbon con- 


OU PONT DE 
The R. & H 
Wilmington 


NEMOURS & 


Chemicals Department 


tent, showing martensitic, sor- 
bitic, and pearlite structures 
White cast iron can be treated, 
but not iron containing graphite 

The theory of electrolytic pol- 
ishing is not completely under- 
stood The reddish-brown sur- 
face layer surrounding the 
anode, in which the products ot 
attack 


appears to play an essential part 


accumulate, and which 


in the process of polishing, is 


COMPANY (INC 


Delawore 


District Sales Offices: Baltimore, Boston, Charlotte, Chicago. Cleveland 


Kansas City, Nework, New York, Philadelphia, Pittsburgh, Son Francisco 
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thought to contain the complex 
Fe,Ac.(OH) C1O,-4 H,O, 

which is known to be very solu- 
ble in concentrated acetic acid. 
The iron dissolved from the 
anode per minute at a current 
density of 1 ampere per square 
decimeter was found to be 16 
mg., while the theoretical 
amount of ferrous ion formed 
under these conditions would be 
17-8 mg. It is probable that the 
perchloric ions contribute to the 
oxidation of the ferrous ions in 
the vicinity of the anode and 
facilitate the formation of the 
aceto-ferric ion. 

For different types of steel 
some modification of the electro- 
lvte is said to be desirable. For 
example, nickel and nickel-chro- 
mium austenitic steels can be 
polished in the solution already 
described at a current density of 
at least 10 amperes per square 
decimeter, but it is preferable to 
use a solution containing 665 
ce. of acetic anhydride and 335 
ee. of 65 perchloric acid, at a 


current density of about 6 
amperes per square decimeter. 
This solution also serves well for 
3° silicon steel. For carbon steel 
the first solution mentioned 
above may be modified by dis- 
solving in it, by anodic attack, 
about 0-5 


produces an increase of viscosity, 


of aluminum. This 
and more energetic agitation may 
be used with a current density 
ol 3 amperes. 

In general, electrolytic polish- 
ing of steels is very rapid after a 
certain experience of the method 
has been acquired. Specimens of 
any form and dimensions may 
be polished on all their faces. 
The attack of etching reagents 
is much more active on an elec- 
trolytically polished surface than 
on the same alloys polished 
mechanically, and a better con- 
between the 


trast is obtained 


constituents. Moreover, non- 
metallic inclusions and flaws are 
more clearly defined and suffer 
less risk of damage than in sur- 
faces produced by mechanical 


polishing. ] 


















By a 


HEATING PROBLEM? 


x 





If a heating problem has you cornered — 
don’t worry along with it by yourself. Turn it 
over to a group of experts—men trained to 
wrestle with the details of planning and building 
industrial furnaces of every type. 





Tell us what you want — we'll see that you 
get it. This statement is backed by 32 years of 
successful furnace building — years in which we 
have built more furnaces for the sheet mill .. . 
where surface control is so exact ... than any 
other furnace manufacturer. 








We are just as proficient in building the types 
of furnaces listed here. Turn your problem over 
to us for a recommendation. We'll be glad to 
offer a practical suggestion at no obligation. 


annealing .. . billet heating . . . bright hardening 

. controlled atmosphere ... carburizing... 
scale-free annealing .. . drawing . . . short cycle 
malleable annealing .. . forging . . . hardening 
.+» normalizing ... continuous conveyor furnaces 
for sheet mills .. . continuous normalizing furnaces 
for sheet mills. 


Associated Company 


WEAN ENGINEERING COMPANY, INC. 
WARREN .... OHIO 
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No Motion 


—until motion 
is called for! 


THEN response is instantaneous. Bristol’s Pyromaster Pyrometer follows 






and accurately records every temperature fluctuation the moment it occurs 


Operating on a new potentiometer principle, 
Bristol's Pyromaster Potentiometer Pyrometer is 
completely at rest when the temperature is 
constant. There is no motion—no wear—and 
consequently the longer life and freedom from 
maintenance you would expect under these 


conditions. 


But let the temperature change, and instantly the 
Pp ge, Y 
pen follows the change accurately and com- 
pletely. Response is immediate,—the Pyromaster 
“feeling. and responding to any fluctuation the 
g p g Y 


very moment lf occurs. 


This as well as many other features you will 
approve of in Bristol's Pyromaster are fully de- 
scribed in Bulletin No. 507H. Write for a copy. 


MONEY CAN’T BUY THESE 
except in a PYROMASTER 


New operating principle,—no motion until mo- 


tion is called for. Quick response to temperature 


changes. ® Simple. Accurate. © Portable. Light 
weight. Compact. * Fewer moving parts. Less 
wear. No need for stocking replacement parts. 
. -_ YROMASTER } 
Easier servicing. * Jewelled galvanometer. PYROMASTER } 
" ; POTENTIOMETER) © 
Completely balanced. W Vibration-proof. w 


Round chart models for air or electric control. 





THE BRIS1 


me Sees in Princinel Cis WRITE FOR BULLETIN NO. 507H 


HSTOLS PYROMASTER 


TRADE MARK REG. U.S. PAT. OFF 


RECORDING and CONTROLLING POTENTIOMETER PYROMETER 
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ACCURACY -—tThe grand aver- 







age accuracy of the last 40 Southwark- 













Tate-Emery testing machines installed in the 
field, involving 88 ranges, is 99.8% of true load over the entire range 
—from zero to maximum* SENSITIVIT Y— The Tate-Emery null 
method load indicator will read down to % lb. on a 100,000-lb. capac- 
ity universal testing machine maintaining the above accuracy. Any 
Southwark-Tate-Emery testing machine has this potential sensitivity 


when equipped with suitable low range dial. 


* Morehouse Proving Ring Calibration 


SOUTHWARK-EMERY TESTING MACHINES 


Baldwin-Southwark Corporation, Philadelphia, subsidiary of The Baldwin Locomotive Works; 
Pacific Coast Representative, The Pelton Water Wheel Co., San Francisco. 























ON PHILADELPHIA DRYING MACHINERY CO. EQUIPMENT 


"The reasons why we use Spencer blowers are as follows: 


|. The ratings on your blowers are accurate and, in most cases, conservative. 
Motors are carefully selected and not overloaded. 

Blowers are quiet in operation and free from vibration. 

Good engineering and sales help is available at all times. 

Blowers are correctly priced and comparable or lower than other makes of blowers. 


Shipments are good, and better in many cases than other blower manufacturers’. 


i a 


Correct design and a straight pressure curve, together with dependable operation, make the Spencer 
blower the most satisfactory blower available at the present time.” 


THE PHILADELPHIA DRYING MACHINERY CO. 


THE SPENCER TURBINE COMPANY ¢ HARTFORD, CONNECTICUT 


PENCER |URBO- it 


35 TO 20,000 CU. FT. 144 TO 300 H. P. 8 OZ. TO 5 LBS. 
152-E 
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CRUCIBLE WAREHOUSE SERVICE 
Can Supply You Promptly! 


Your delivery demands are important to Crucible. That 
is why, in addition to its large mill stocks. ample ware- 
house stocks are maintained in all key industrial centers 

.. so YOU CAN GET THE STEEL YOU NEED... WHEN 
YOU NEED IT...under abnormal as well as normal 
conditions 


Today, with demands increasing, Crucible is uniquely 
equipped to supply you with HIGH SPEED, TOOL, STAIN- 
LESS, ALLOY, PRODUCTION AND SPECIALTY STEELS. 
Enlarged available stocks are ready in Crucible’s 27 





& , rn 
Branches and Warehouses. Its many experienced Distribu- 


CRUCIBLE’S 27 BRANCHES AND WAREHOUSES tors are well prepared. 






Atlanta, Ga. Harrison, N. J. Providence, R. |. Y . . ' . 

. ou can continue to rely, as usual, on Crucible’s conv 
Baltimore, Md. Houston, Texas Rockford, Ill. ; . Y z C toate wom 
Boston, Mess. Indianapolis, Ind. St. Louis, Mo. nationwide warehouse service to meet your varied re- 
Buffalo, N. Y. Los Angeles, Calif. St. Paul, Minn. quirements ... whether you need pieces, pounds or tons. 
Chicago, Ill. Milwaukee, Wis. San Francisco, Calif. So when you need steel in a hurry, just... CALL CRUCIBLE. 
Cincinnati, Ohio New Haven, Conn. Seattle, Wash. 
Cleveland, Ohio New York, N. Y. Springfield, Mass. Write NOW for free copy of handy Stockbook! 
Denver, Colo. Philadelphia, Pa. Syracuse, N. Y. 
Detroit, Mich. Pittsburgh, Pa. Toronto, Ont., Canada 


CRUCIBLE STEEL COMPANY 


ol Osim a ee: Retell, Cee hme eel leneel mwas UE - NEW YORK CITY 
Swot iGal ee fot See Olebi eee emeele ee st: teneer ey IN PRINCIPAL CITIES 





‘} of America _ 


CONSULT TELEPHONE DIREC ele Agere 
THOMAS’ REGISTER FOR NEAREUERGIAAIS: 


MAKERS OF HIGH SPEED, TOOL, STAINLESS, ALLOY, 


PRODUCTION AND SPECIAL PURPOSE STEELS 











Just try EASY-FLO 
... On one job_ 


You’re in for a surprise the 
first time you braze with 
Easy-Flo. You’re going to 
be surprised by Easy-Flo’s 
extreme fluidity at the low 
working temperature of 1175 
deg. F. You’re going to be 
surprised, too, when you 
see how rapidly Easy-Flo 
penetrates between closely 
fitted parts ... what a small 
amount it takes to do a job 
. . . and what clean, neat 
joints you get... joints that 
need little or no finishing. 

Then, when you test the 
joints, vou’ll understand 
fully why we emphasize 
high strength, leak-tightness, 
and the remarkable ability 
of Easy-Flo brazed joints to 
withstand shock, vibration 
and temperature changes. 

Just pick out one of your 
metal joining jobs . . . fer- 
rous, non-ferrous or dis- 
similar metals . . . and try 
Easy-Flo* on it. You will 
no doubt find, like so many 
others have, a dozen places 
where Easy-Flo will speed 
up your metal joining and 
cut costs. 

Send for full details to- 
day — ask for Bulletins MP 
5, Vand 10. 





STAINLESS STEEL 
TO STAINLESS STEEL 





STEEL TO CAST BRONZE 





COPPER TO STEEL 


*and for best results always use Handy Flux with Easy-Flo. 


HANDY* HARMAN 


BS HANDY & HARMAN MB: ME TVIIT 10S oO Ola oa) Oe 





Q voy Agents in Principal Cities 
in Canada: HANDY & HARMAN of Canada, Itd., Toronto 
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Industrial Gears 


(Cont. from p. 730) eliminated, and the direc- 
tion and rate of dendritic growth or crystal- 
lization properly controlled. A very capable 
discussion of the casting of steel gear blanks was 
presented by A. Simonson to the American Gear 
Manufacturers Association in October 1934. 

Gear castings have 0.30 to O45 carbon. 
The usual alloy additions for the larger sizes 
consist of 0.90 to 1.50°° manganese with one of 
the following: 0.15 to 040% molybdenum, 0.50 

1.25°. nickel, or 0.10 to 0.20% vanadium. 

A most important step is heat treating to 
refine the as-cast structure and relieve the cast- 
ing strains. The as-cast microstructures of a 
carbon steel and of a manganese-molybdenum 
steel are contrasted on page 730. To refine this 
structure requires that the ferrite phase be dis- 
solved by a high temperature treatment at 1625 

1750° F., followed by cooling in the air or in 
the furnace. The air cool (normalizing) is pre- 
ferred because the cooling rate is rapid enough 

prevent the ferrite from precipitating in its 
original massive form. 

Low carbon cast steels which are not to be 
quenched are usually given but the one high 
temperature treatment. Alloy cast steels are 
sometimes hardened by a second cooling in air 
from 1475 to 1550" F. (depending upon the size 
and composition) followed by a draw to relieve 
internal strains and bring the hardness within 
the proper range. So treated, the microstruc- 
ture of aOQAO carbon, 1.25°° manganese, 0.20%, 
molybdenum steel is illustrated on page 7350. 
Experience has proven that this analysis is a 
very excellent gear steel, used extensively for 
such large gears as shown on page 728. 

Cast gear steels requiring higher physicals 
are liquid quenched and tempered. Some users 
are hesitant to allow either an “air quench” or 
liquid quench, forgetting that most large forg- 
ings are “air quenched” or normalized to obtain 
higher physicals and better grain refinement. 
There are certain limitations of casting size and 
shape which demand a full anneal, but these 
are recognized by gear metallurgists. 

Recently, developments in the field of cen- 
trifugal casting have indicated that the process 
will find application for gear blanks. Equip- 
ment and technique will obviously have to be 
developed so as to reduce the cost to a point 


commensurate with the added benefits. S 
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NORTH AMERICAN COMBUSTION 








Best results from oil fired fur- 
naces depend on accurate 
control of atmosphere in the 
heating chamber. With the 
North American AIR OIL RATIOTROL perfect control is assured 
at every instant. 

The RATIOTROL proportions the flow of fuel oil and its com- 
bustion air by controlling pressures and making them dependent 
on each other. Air pressure alone becomes the dominant factor 
while number of burners and their individual setting have no 
effect on the operation. 

Non varying air-oil ratios are maintained when changing size 
of fires ... turning individual burners up and down... changing 
air or oil supply . . . adjusting air-oil ratio on any individual 
burner. 


Write for the facts today. 


MANUFACTURING COMPANY.---- CLEVELAND, OHIO 





SME. SSE ER ELOISE OE RARE OS. 
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IMPROVED DETECTING MECHANISM. For 
good control action, a much more sensitive 
detecting mechanism is necessary than for 
recording. Thus, in place of sensing “fingers”, 
a single, calibrated, detecting cam is used to 
sense the most minute deflection of the gal- 











Compact, self-contained, with an 
open legible chart, the new series 
of Foxboro Controllers provides 
extreme sensitivity without deli 
cate parts, and new simplicity in 
a dual-purpose instrument. 


Foxboro’s new series 


of Potentiometer Recording 
Controllers offers these 3 
unduplicated features: 


vanometer pointer (0.0001 in. or less) without 
lost motion. 

This cam positions a friction roller by 
which the movement of the integral slide 
wire contact, recording and control actuating 
carriage is positively determined. 





INTEGRAL RECORDING AND CONTROL 
MECHANISM. In the new Foxboro Control- 


lers, measuring, recording and controlling 
are, and cannot fail to be, exactly coordinated 
operations. The slide-wire contact, recording 


pen and cam follower actuating the control 
cam are assembled as a unit on the same rigid 
carriage. No linkages, belts or gears transmit 
the position of one to the others. Simplicity 
here means accuracy in service. 








COMPLETE FLEXIBILITY IN CONTROL. The 
control system is affixed directly to the shaft 
of the cylindrical control cam, eliminating 
linkages and making for a compact, self-con- 
tained unit. The rotary motion of the control- 








cam shaft makes for extreme simplicity in 
providing for multi-point electrical control 
electrical throttling control, or STABILOG 
air-operated throttling control, as required by 
application conditions. 





CONTROL THE PROCESS AND 
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Shown at right is the Pyrometer 
model incorporating the Stabilog 
system of air-operated throttling 
control—an instrument competent 
to meet the most difficult condi 
tions of “upset” or process lag 
smoothly, without “hunting” or 
drifting of the control point. Note 
accessibility of interior. 





you can buy a completely modern Pyrome- 
ter Recording Controller specifically de- 
signed to give the type of control action that 
your furnace or processing conditions re- 
quire ...a self-contained, dual-function in- 
strument with thecontrol precision previously found 
only in single-purpose Potentiometer Controllers. 

AIR-OPERATED CONTROL is furnished for open- 
and-shut action, or for throttling action, with or with- 
out automatic reset. 

ELECTRIC-OPERATED CONTROL is available 
for simple “on-off” operation, or “high-low” (plus 
neutral or normal) or for throttling action with man 
ual or automatic reset. 

Other variations include control with multi-point 
recording. Signals, alarms, or safety shut-down can 
be included. 

“On-off” or “high-low” control has knife-edge 
selection with nc dead spot, thus preserving the 
precision provided in the detecting mechanism. 
Throttling controls carry out, in the control system, 
the sensitivity which originates with the measuring 
and detecting operations. Reset and other auxiliary 
actions are properly designed to meet the conditions 
of load changes. Stabilog control has been perfected 
through years of study of the characteristics of diffi- 
cult process problems. 










Ask your local Foxboro man for complete details 
on the new instruments and the possibilities they 


raise for improved recording and control in connec 
tion with your own furnaces or processing needs. 
He can aid you in determining the particular type of 
these or other Foxboro instruments that will meet 
your own conditions in the one best way. Or, write 
direct for full specifications to The Foxboro Com- 
pany, 52 Neponset Ave., Foxboro, Massachusetts, 
U. S. A. Branch offices in 25 principal cities 











RECORDING | CONTROLLING - INDICATING 
nstruments 


TEMPERATURE - LIQUID LEVEL 
PRESSURE + FLOW + HUMIDITY 








YOU CONTROL THE PRODUCT 
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Zinc alloys 


(ont. from p. 748) caused by the traces of lead 
nd cadmium still present, and in addition, 
mavnesium also causes considerable hardening. 
Zine and copper form two conjugate solid solu- 
ThOnIS, epsilon and eta, both hexagonal close 
packed with lattice parameters varving as to 
the number of copper atoms present 

Combinations of these two principal metals 
with zine have proven very useful in the non 
ferrous fabrication industry, so that at the pres 
ent time many millions of small parts are being 
made. Compositions range from 4. Al, 1% Cu 
to 10 Al, 2°) Cu, the latter where strength and 
corrosion resistance are particularly important. 
\s above remarked a few hundredths per cent 
of magnesium is desirable. The microstructure 
of a freshly cast piece of 10° Al, 2% Cu zine ts 
a mixture of rapidly etching alpha and slowly 
etching beta crystals, but the latter spontane 
ously transform into alpha plus gamma on stor 
ave at room temperature, the reaction being 
fairly rapid, once under way, and being appa 
rently complete in 12 days. 

Pressing is done in the same machinery and 
with the same dies as for brass. Proper working 
temperature is between 300 and 500° F. Difficult 
shapes may require a roughing and a finishing 
operation. Present uses are for automobile and 
builders’ hardware, small levers, wing nuts, hose 
fittings, small brackets and padlocks. Many of 
the parts are plated with nickel, chromium o1 
brass, and no difliculties have arisen in this 
connection, parts being quite easily plated and 
viving good results in service. 

Extruded rod is the usual raw material for 
hot pressings. Many thin and ribbed sections 
of moldings have also been extruded, as well as 
tubes. Thin-walled tubes are under develop 
ment. Wire can readily be drawn from extruded 
rods, and rivets have been cold headed from 
this wire on a semi-commercial scale. 

\lthough the extruded rod as supplied costs 
thout the same as brass, the prices of the 
finished products are on the average higher than 
for brass. This can be accounted for partly by 
the increased wear of the tools and partly by the 
highet percentage of rejects, although the latter 
will be reduced in time as experience is gained, 
\ctually there is no reason why the finished 
parts should soon not be produced as cheaply as 


brass pressings S 
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Merry Christmas—men of ASM! 


It's been fun working, planning — and play- 
ing with you during the past years. 


You whose minds create that idle hands may 
build as well as eat and vote are still the true Pilots 
of Progress under any system. 


A bright future lies ahead for American 
metallurgy — of this you are an indivisible part — 
and from this — your work — you will create a 
PROSPEROUS NEW YEAR. MAY IT ALSO 
yo 
A 


S THE FULLEST 


BRING TO YOU AN UR 
L ND HAPPINESS — 


MEASURE OF HEALTH 
PEACE AND SECURITY. 


GENERAL ALLOYS COMPANY 


P.S. Only reason for bringing this “balcony” on to 
the next page is to avoid imposing inferior copy on 
superb photography. 





DESPaTcH oven comPAMY 


NO GUESSWORK 
in tempering these bolts 


The Despatch tempering furnace shown above is in 
the plant of the Minneapolis Moline Power Implement 
Company It has eliminated all guesswork in tempering 
and drawing gears, bolts, or bearings producing a uni- 
form hardness, regardless of the size of the load 

This is just one of many performance records set by 
Despatch recirculating furnaces Write today for inter- 
esting furnace catalog 


DESPATCH 


OVEN COMPANY Minneapolis, Minn. 
OVENS - DRYERS - FURNACES and AIR HEATERS 
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HARDENED AND GROUND ROLLS 
FOR SPECIFIC PURPOSES 


TT herring boned surface roll was made for a specific 


installation—as are most rolls today. But all have one 


essential in common—they must stand up. Otherwise two 
things happen. They lower the quality of output — and they 


delay deliveries. 


Your customer may never see these rolls—but he quickly 
sees any results of roll failure. Few firms in the world have 
made as many, or as varied rolls as Midvale. We have 
made them for rolling practically every type of metal. 


That experience can save you moneyvy—and _ trouble. 





THE MIDVALE COMPANY + NICETOWN + PHILADELPHIA, PA. 


OFFICES: New York © Chicago ¢* Pittsburgh . Washington © Cleveland * San Francisco 
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minimizes scaling 
and 
Ce apeliey, 


The Brown ANALY-GRAPH records 
the slightest variation in furnace atmos- 
pheres, whatever the cause — whether 
combustion is complete or incomplete 
The metallurgist or furnace operator can 
change the atmosphere specifications at 
any time to suit the metal and work in 
hand. He has positive assurance, in 
advance, that the heat treatment will pro- 
duce exactly the desired characteristics 
regardless of day, time, weather or sea- 
son of year. 


The Brown ANALY-GRAPH effec- 
tively aids the heat treater to produce 
clean, properly treated work at the low- 
est possible cost. Write for Bulletin 92-3 
THE BROWN INSTRUMENT COM. 
PANY, a division of Minneapolis- 
Honeywell Regulator Co., 4503 
Wayne Avenue, Philadelphia, Pa 
Offices in all principal cities. Toronto, 
Canada: 117 Peter Street-—Amsterdam-C, 
Holland: Wijdesteeg 4 — Stockholm, 
16, Sweden: Nybrokajen 7 — England: 
Wadsworth Road, Greenford, Middlesex. 





FURNACE ATMOSPHERE 


BROWN NALY- RRP si=ee) je) 


To Maeda and Control is to Economize 
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ontributors 


— RGY of large gears such as described 
the 


in leading article in this issue requires 
a sound knowledge of mechanical as well as metal- 
lurgical principles. The author, Edward J. Wellauer, 
is therefore well qualified by undergraduate train 
ing in mechanical and electrical engineering at 
Marquette University and a master’s degree = in 
metallurgy from University of Wisconsin. He is 
likewise a member of both @ and the American 
Society of Mechanical Engineers. Mr. Wellauet 
has been in charge of metallurgical work for the 
Falk Corp., Milwaukee, for several years and was 
recently appointed research engineet 
8 ° ° 
lwelve vears practical experience in the shop, 
combined with the study of mechanics and metal 
lurgy at University of Cincinnati and Case School, 
and topped by considerable aptitude with a pen 
result in the useful article on press tool tailures 
told from the operator's viewpoint by C. E. Bretney. 
Mr. Bretney’s principal function in the Speed Nut 
Division of Tinnerman Stove and Range Co., Cleve 
land, is to coordinate the production and engineer 
ing departments and to design dies Before coming 
to Tinnerman he held various positions with an 
ammunition plant in Cincinnati and a spring plant 
in Cleveland, including such jobs as press operator, 
production clerk, tool maker, supervisor of metal 
stampings division, and tool designe He has 
written on press work and production problems 
for other trade publications 
N. T. Belaiew, who writes so fluently and 
svinpathetically of Tschernol? and his works, was 
horn into a distinguished military family in pre 


revolutionary Russia. He was educated at the best 


Nicholas T. Belaiew 


Edward J. Wellauer 








military schools and after three years active service 
returned to resume his studies at the Michael Artil- 
lery Academy, where he came under the direct 
influence of Professor Tschernoff. In 1906 he was 
admitted to the faculty and in subsequent years 
did some of his most important work on crystal- 
lization of steel and the Widmanstatten structure 
He served in the artillery in the World War until 
invalided An expatriate since the Revolution, 
Colonel Belaiew maintained a private laboratory in 
England and lectured at the Royal School of Mines 
Since 1931 he has been consulting engineer for the 
Welding Institute in Paris 


crystallization ranks him as a metallurgical pioneer 


Belaiew’s work on 


in his own right: he studied not only under Pro- 
fessor Tschernoff but also under Wiust in Germany 
and LeChatelier and Osmond in France. In 1937 
he was awarded the Bessemer Gold Medal of the 
British Iron and Steel Institute 
® © ° 

\nother brief but interesting article of a prac 
tical nature in this issue is on sulphide inclusions 
and emanates from the metallurgical laboratory at 
the South Chicago plant of the Republic Steel Corp 
The author, George K. Manning, has been at Repub- 
lic since last February. He was graduated from 
Franklin College in 1982 with a baccalaureate in 
inathematics and physics, and received a master’s 
degree in metallurgical engineering from Univer 
sity of Michigan in 1938 


as as as 
ww 7 Ww 


Pwo distinet stvles of writing are mastered by 
John S. Marsh, one in his weighty volumes for the 
\llovs of Iron Research, and the other in his 
vivacious account of the temperature symposium 
Marsh joined the staff of the Alloys 
of Iron Research of the Engineering Foundation 


page 731 


in 1930; he has been its physical metallurgist and 
associate editor since 19338. Doing graduate work 
at Penn State heading toward a Ph.D., Marsh quit 
in 1927 to take a position with the Aluminum Co 
This was followed by a year with Keuffel and 


Esser Co. before joining Engineering Foundation 


George K. Manning C. E. Bretney 





Vetal Progress; Page 7806 
































To Avoid (Distortion) 


use the new \/-Carb process 


PATENTED 


Jor surface hardening 


“NI-CARB" IS APPLICABLE TO: 











Assembly costs are sometimes ex- 
orbitant because of the high per- 
centage of parts which have 
warped in hardening. By “Ni- 
Carbing” and slow cooling 
(quenching can be omitted) a 
hard surface is obtained and warp- 
ing and size change are reduced 
toaminimum. “Ni-Carb” is being 
adopted for this reason and many 
others such as: 


~ 





a a Wearing ll Dew Ol 


aay | 
Shoes 1) 

1 | j 

| Bie 

( 4 | 

y Ins Alls 

\ J J 4 - J 


{ {> - 
Planished ane ) Cages 


Races 

















pin, Shafts “ Sy 


q 


Gears . 7) King 

Ji fi if Pins 
1. A tough hard case which ad- Nuts 
heres very tightly to the core 
and has no tendency for ex- 


foliation. - ey 
End Rings —— Cylinders 


2. “Ni-Carb” can be used on any 
grace of steel, steel castings, 
cast iron and malleable iron. 


Chains 


. ¥ 
Screws ; 


3. The extent to which the proc- 
ess can be varied to meet spe- 
cific requirements. 


Rivets Valves 








4. Economy in processing. 


Send us a sample of your work 


for a demonstration. 


ae ee 


ELIZABETH, N. J. 
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Use COLMONOY for Those Tough Jobs 


The rough casting of Colmonoy No. 6 shown above is 
brazed in place on the base and then machined. It 
has proved so satisfactory in operation that it is 
standard equipment with a prominent manufacturer 
of centerless grinders 

The hard, diamond-like crystals of patented chro- 
mium-boride (Cr B.) distributed throughout all Col- 
monoy hard-facing materials are your best insurance 
against the effects of wear, abrasion and corrosion 
Insist on Colmonoy for the tough jobs 


Catalog and Information on Request 


WALL-COLMONOY CORP. 


1067 W. Grand Boulevard, Detroit, Michigan 








No. 6 No. 5 


CENTERLESS GRINDER REST 


Hard Faced with 


COLMONOY No. 6 


55-60 Rockwell Colmonoy is available 
four grades of hardness, as 
45-50 Hardness shown in the chart. No. 6 
has maximum resistance to 
35-40 abrasion and corrosion. No 


5 is for jobs requiring ex- 
treme abrasion resistance 
plus machinability Nos. 4 
and 20 are suited to repair 
work, such as mending de- 
fects in cast iron or smooth- 
ing flaws in die casting 
molds 


No. 4 No. 20 


LMONOY 


















Columbia 
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RESULTS— 


High Carbon - High 
Chromium Steel has helped thousands 









Superdie 






of users this year to get economical 






and satisfactory results. 





Stocks are being maintained and 





deliveries are the best. 













COLUMBIA TOOL STEEL COMPANY 


ARTHU LARAGE. PRESIDEN 





GO HEIGHTS 


















TWENTY FiVE 
POUNDS To 


| MOORE RAPID 


FURNACES 


for 


MELTING - REFINING-SMELTING 


Alloy and Carbon steels 

Gray and Malleable irons 

Copper and Nickel and Alloys 
Ferro-alloys, Carbide, and Special products. 


ONE HUNDRED 
TOMS CAPACITY 


Furnaces available in top-charge type with quick 


raise and swing roof — also in door-charge types. 


RAPID - ECONOMICAL - RUGGED 


PITTSBURGH LECTROMELT 
FURNACE CORPORATION 


FOOT 32ND ST. PITTSBURGH, PA. 
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Dk. EDGAR C. BAIN 


° _ . . a 
(ssistant to the Vice President of the Lda 
U.S. Steel Corporation A 

























PRESENTS HIS BOOK te 
FUNCTIONS of the ALLOYING “ 
ELEMENTS in STEEL “s 


ms 
= 
Qu 





Che largest group of men ever to register for If you were one of the four or five hundred 
‘ . ; . Ho 
an ASM educational course heard Dr. Edgar men who gathered daily to hear these lectures high 
s . : . mitt 
C. Bain, noted metallurgical authority of the during the Metal Congress you will be glad ve 
LJ. S. Steel Corp., deliver his five lectures on to learn that the complete series is now avail- Sord 


— . . . : ode ° 4 
“Functions of the Alloying Elements in Steel” able in a well-made, 6x9 book containing 312 


: , : sages with 186 interesting illustrations. Until 
it the Chicago National Metal Congress | & Ch 


December 15 this book will be sold at the in- 


ria 
Their enthusiastic reception of Dr. Bain’s troductory price of $3.00 per copy After this aoe! 
“ DOOK! 
remarks on carbon steels ... alloying elements date $4.00. Infor 
tself 
.. hardenability . . . tempering, was a tribute Jf. van P vante 
And if you didn’t get to the Metal Congress, 
to the painstaking effort which went into this ' : 
. you will treasure this book more than ever... WwW 
series. Dr. Bain presents his material in con- : ie . , :; , e 
for it brings you first-hand information on this ~~ 
cise, clearly understandable language—making . . 
“ suas 5 important subject from one of the most re- Mh 
. . . ° . . mues 
imple ; as / ament: 5 ra ~a 
simple a subject which is of fundamental im spected authorities in the metal industry. Use liscu 
“t. @ . : = bookl 
portance to every member of the American the handy coupon below to send for your copy Produ 


Society for Metals TODAY. 









SEND THIS 
COUPON 


BEFORE DEC. 15 
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Please send me a copy { Dr. Bain's » book Functions of the Alloying Elements 
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‘esting Catalog 


A loose-leaf binder provides a 
mdy reference catalog of testing 
schines made by Steel City Test- 
g Laboratory. Universal hydrau- 

machines, Brinell testers, bend. 
pact, tensile. and ductility testers 
re some of the products. Bulletin 
y-140. 


Burner Economy 


Interesting photographs and text 
sre used by Surface Combustion 
Corp. to show that a choice of 47 
lifferent types and more than 400 
lifferent sizes is sure to give 
economy in operation. Bulletin Ca- 
i 


Cadalyte “39” 


A new technical service manual 
on CADALYTE “39” for cadmium 
plating has been issued by the Elec- 
troplating Division of Du Pont. Cites 
recent improvements and changes in 
the product, and gives detailed oper- 
ating instructions and methods of 
analyses. A table of costs and time 
required for specified deposits is in- 
cluded. Bulletin Gb-29. 


Bright Annealing 


Various types of electric and fuel 
fired turnaces built by the Electric 
Furnace Co. for bright-annealing 
wire, tubing. strip and other prod. 
ucts are described in an 8-page 
folder. Bulletin Lb-30. 


Cinch Steel Cement 


How Cinch steel cement saves 
high speed steel and Stellite by per- 
mitting the using up of short pieces 
is told in a bulletin by Claud S. 
Gordon Co. Bulletin Ka-53. 


Chapmanizing 

Chapmanizing. the method of 
suriace hardening steel with nitro- 
gen, is described in a very attractive 
booklet of Chapman Valve Mig. Co. 
Information is given on the method 
itself and on its metallurgical ad- 
vantages. Bulletin Ob-80. 


Welding Pipe Lines 


An improved welding method used 
in the construction of over 5000 
miles of cross-country pipe lines is 
discussed in a 32-page illustrated 
booklet published by The Linde Air 
Products Co. Bulletin Da-63. 


Electromet Review 


A very attractive house organ 

vhich gives news and views of al- 

»y steels and irons, but is mostly 

oncerned with stainless steels. 

lectro Metallurgical Co. publishes 
Bulletin Ox-16. 


.ow-Alloy Steel 


A new folder on Mayari R., Bethle- 
em’s high-strength, corrosion resist- 
1g steel, is colorfully illustrated with 


views of its various uses. 
tc-76. 


Bulletin 





Compressor Data 


information on the ap 
plication of blowers to gas and oil 


General 


burners, and miscellaneous appli 
cations for other types of work are 
included in a 12-page “Turbo Com 
pressor Data Book.” Useful tables 
and charts are included. Spencer 
Turbine Co. Bulletin Dy-70. 


Screw Machining 


Screw machine products of alu 
minum are treated in authoritative 
and extensive manner in a book 
let of Aluminum Co. of America. 
Besides general data on screw ma 
chining, a number of very useful 
tables appear. Bulletin Ar-54. 


High Tensile 


The 19 advantages that USS Cor 
Ten steel offers to railroads and 
other industries are attractively pre- 
sented in a 68-page book on this 
new low cost, high tensile steel 
published by United States Steel 
Corp. Bulletin Ka-79. 


Brazing Alloy 


Sil-Fos for joining brass, bronze, 
nickel, nickel silver, extruding brass 
and bronze, monel metal and other 
non-ferrous metals and alloys fusing 
above 1300 F. is a product of 
Handy & Harman, described in Bul 
letin Jy-126. 


Ingot Production 


“The Ingot Phase of Steel Produc 
tion” is the title of a book defining 
the principles of quality ingot pro 
duction followed by many well 
known steel manufacturers. Gath 
mann Engineering Co. Bulletin Ka-13. 


Heat Resisting Alloys 


Authoritative information on alloy 
castings, especially the chromium 
nickel and straight chromium alloys 
manufactured by General Alloys 
Co. to resist corrosion and high 
temperatures, is contained in Bul 
letin D-17. 


Electric Furnaces 


A new catalog on electric furnaces 
and pyrometers has been released 
by the Hoskins Manufacturing Com 
pany. For anyone who does any 
kind of heat-treating, brazing, or 
uses heat-resisting castings. Bulletin 
Hc-24. 


Hardened Gearing 


Extremely valuable technical infor- 
mation on heat treated hardened 
gearing, including treatment, control 
and quenching, comparison of prop 
erties, etc., is included in a booklet 
by the Westinghouse Electric & 
Mig. Co. Bulletin Hc-134. 


Pure Metals 


Pure, carbide-free metals are de 
scribed and applications suggested 
in a pamphlet published by Metal 
& Thermit Corp., who make pure 
tungsten, chromium and manganese 
in addition to the ferro-alloys. Bul 
letin Ma-64. 





Vapocarb-Hump 


Vapocarb-Hump, the triple-control 
method for heat treatment of steel, 
is described in a 36-page catalog 
issued by Leeds & Northrup Co., in 
which a special effort has been 
made to show how this method 
gives complete control of tool sur 
face, shape and structure. Bulletin 


Cb-46. 


Annealing Furnace 


The interesting “Top Hat” Cover 
Annealing furnace just perfected by 


Continental Industrial Engineers. 
Inc., is described in a bulletin of 
value to furnace users. Bulletin 
Nc-154. 


Welding Stainless 
Steels 


A 24-page technical bulletin, giv 
ing important information for the 
engineer, designer or welding op 
erator on the welding of stainless 
steel, is available through the Arcos 
Corp. Bulletin Hc-191. 


Atmosphere Control 


A device manufactured by Brown 
Instrument Co. and known as the 
“Analy-Graph” records minute 
changes in the chemical composition 
of a furnace atmosphere. How it 
works is told in Bulletin Ka-3 


Tube Alloys 


Practical data on tube alloys com 
piled by the Technical Department 
of the Driver-Harris Co. simplifies 
calculations by providing derived 
constants in the shape of tables and 
formulae. Handy conversion tables 
included. Bulletin Ib-19. 


Testing and Controls 


An up-to-the-minute booklet on 
foundry sand testing and control 
equipment is just off the press. Pub 
lished by Harry W. Dietert Co. Bul 
letin Ec-198. 


Machining Steel 


An 80-page book of general and 
specific information on steels, in 
cluding tables of recommended cut 
ting speeds and feeds for many 
grades of carbon, alloy and stain 
less steel, has been made available 
by the Union Drawn Steel Division 
of Republic Steel Corp. Bulletin 
Nc-8. 


Arc-Welding Electrodes 


A very helpful 40-page booklet 
for arc-welders and those interested 
in welding in general has been 
made available by the General 
Electric Co. Bulletin Nc-60. 











General Data Book 


Valuable reference and data are 
contained in a book by Joseph T. 
Ryerson & Son, Inc., which gives 
metallurgical definitions, heat, hard 
ness, and numerical equivalent ta 
bles as well as many valuable op 
erating facts. Bulletin Nc-106 


Design 


Designing greater sales appeal 
into products is explained in a 
colorful 8-page booklet for anyone 
who contemplates using, or is using 
Stainless Steel, issued by the Car 
penter Steel Co. Bulletin Nc-12 


Heat Treating Line 


An attractive catalog of heat treat 
ing products is published by Park 
Chemical Co. It starts out with a 
very useful diagrammatic thermome 
ter showing the temperature and 
ranges for the various heat treating, 
melting and other processes requir 
ing heat. Bulletin Oy-141 


Portable i otentiometer 


An extremely versatile indicating 
potentiometer with precise balanc 
ing, quick standardization, and easy 
reading scales is described and il 
lustrated in a new folder by the 
Foxboro Co. Bulletin Nc-2! 


Hardening Furnace 


A new pamphlet which describes 
Certain Curtain” furnaces made by 
C. L Hayes, Inc., will be particu 
larly interesting to those with hard 
ening problems. Bulletin Nc-15 


Closer Temperatures 


Closer temperature control than is 
possible with any Mechanical Con 
troller is explained in a 12-page il 
lustrated pamphlet just released by 


Wheelco Instruments Co. Bulletin 
Nc-110. 
Degreasers 


An interesting line of portable de 
greasers which can be taken to the 
work-—instead of bringing work to 
the degreaser—is shown and de 
scribed in a colorful folder by the 
Phillips Manufacturing Co. Bulletin 
Nc-254. 


Moly Matrix 


Climax Molybdenum Co.'s little 
monthly newspaper contains many 
interesting and informative articles. 
Get the latest issue—Bulletin Ax-4 
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Heat Treat Chart 


Heat treaters everywhere should 
find a heat treating wall chart com- 
plete with S.A.E. specifications a 
very valuable addition to their 
shops. Published by Chicago 
Flexible Shaft Co., manufacturers 
of Stewart industrial furnaces. Bul 
letin Ka-49. 


Galvanizing 


An informative, historical, simple 
digest of galvanizing forms a guide 
to longer life for iron and steel 
products. This handsome, handy. 
24-page book beautifully printed in 
color is distributed by American Hot 
Dip Galvanizers Association, Inc. 
Bulletin Ea-167. 


Carburizing Salt 


A technical service bulletin de 
scribing a new development—Du 
Pont Carburizing Salt—for the eco 
nomical production of deep high-car- 
bon cases on plain carbon and alloy 
carburizing steels . available 
through DuPont. Bulletin Dc-29. 


Portable Hardness 
Tester 


The “Telebrineller’ is described in 
a new bulletin as a simple, rugged. 
flexible instrument that accurately 
determines Brinell hardness of sur- 
faces and objects inaccessible to 
conventional testers. Total weight, 
642 lbs. Teleweld. Inc. Bulletin 
Dc-98. 


Oil Burners 


North American Mig. Co. offers a 
bulletin describing improved low 
pressure oil burners, one type espe- 
cially designed for automatic control 
and ideally suited for use with pro- 


portioning control valves. Bulletin 
Na-138. 
Dust Control 

Dust control in the plant is as 
important as dust control on the 
prairies, American Foundry Equip- 


ment Co. points out in a booklet 
describing their “Dustube” dust col 
lectors. Bulletin Id-112. 


Bessemer Steel 


Jones & Laughlin Steel Corp. has 
for distribution reprints of the paper 
by C. C. Henning on “Manufacture 
and Properties of Bessemer Steel’ 
that received the Robert W. Hunt 
Award of the A.I.M.E. Bulletin 
Ca-50. 
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More Dust Hog 


Those who have been following 
the Dust Hog series of the Pangborn 
Corp. which analyzes the cost of 
dust to industry, will appreciate the 
fifth and sixth folders of the series 
which are now available. Bulletin 
Lc-68. 


Direct Reading Brinell 


Production testing on parts of any 
shape without spotting or the use of 
a microscope is possible through the 
new Direct Reading Brinell machine 
described in a folder by the Detroit 
Testing Machine Co. Bulletin Gc-245. 


Contour Metal Shaping 


A very colorful, plastic-bound 
booklet containing Job Sheets on 
metal shaping jobs will be helpful 
to men in Shipbuilding, Plastics, 
Silverware, and Automotive fields. 
Available through Continental Ma- 
chines, Inc. Bulletin Lc-170. 


Metallographic 
Reference 


Nearly one thousand technical 
books and reference papers on Op- 
tical Principles in Metallography are 
listed in the new Metal Analyst 
just released by Adolph I. Buehler. 
Bulletin Le-135. 


Recording Control 
Equipment 
Now available from Baldwin- 
Southwark Corp. is a new 1l€-page 
bulletin illustrating and describing 
Southwark’s complete line of stress- 


strain recorders and extensometers. 
Bulletin Bc-67. 


Micro-Optical 
Pyrometers 


A new instrument which permits 
measuring the temperatures of very 
small objects such as incandescent 
lamp filaments, etc., and for labora- 
tory and scientific research work 
has been developed by the Pyrom- 
eter Instrument Co. Bulletin Kc-37. 


Defi Rust 


Analysis and descriptive notes of 
nine types of heat and corrosion 
resisting steels made by Rustless 
Iron and Steel Co. are contained in 
a handsome folder. Bulletin Ha-169. 


Hydryzing 

Hydryzed work is completely de- 
scribed in recent literature released 
by Lindberg Engineering Co. Points 
out advantages in particular appli- 
cations. Bulletin Bc-66. 


Heroult Furnace 


Revised and expanded to include 
modern major innovations in the 
construction and operation of the 
Heroult electric furnace, the latest 
edition of the American Bridge Co.'s 
Heroult Electric Furnace Bulletin is 
available. Bulletin Bb-124. 


Seamless Tubes 


Prepared by the Timken Steel and 
Tube Division of Timken Roller Bear- 
ing Co. is a “Guide for Users of 
High Temperature Steels.” which 
presents technical data relating to 
the various properties of Timken 
seamless tubes. Bulletin Bb-71. 


Wide-Strip Pyrometer 


Complete information on the new 
Bristol Multiple Record Wide-Strip 
Pyrometer can be obtained through 
the Bristol Company. Gives up to 
8 temperature records on the same 
chart. Bulletin Ac-87. 


Colmonoy 


The high resistance to wear and 
corrosion which distinguishes Colmo- 
noy alloys and overlay metals is 
explained in a 4-page catalog re- 
leased by Wall-Colmonoy Corp. Bul 
letin Bc-85. 


Tellurium Coppers 


A comparison of Chase Tellurium 
Coppers with other alloys is con- 
tained in a new folder published by 
the Chase ®rass & Copper Co. Bul- 
letin Kc-59. 


Annual Index 


The Annual Index of the Copper 
Alloy Bulletin published regularly 
by the Bridgeport Brass Company 
is now made available through this 
company. Bulletin Kc-163. 


Core Baking Ovens 


Helpful facts for producing better 
cores for the foundry are contained 
in an attractive 8-page folder printed 
by The Paul Maehler Co. Bulletin 
Kc-159. 


Ni-Cr Castings 


Compositions, properties, and uses 
of the high nickel-chromium castings 
made by The Electro Alloys Co. for 
heat, corrosion and abrasion resist- 
ance are concisely stated in a 
handy illustrated booklet. Bulletin 
Fx-32. 


Mo-W High Speed 


J. V. Emmons, metallurgist for 
Cleveland Twist Drill Co. and large- 
ly responsible for the development 
of the molybdenum-tungsten high 
speed steels known as Mo-Max, has 
prepared a general description of 
these new steels. Bulletin Ka-103. 


Lubrication 


Intensive research which com 
pleted important improvements in the 
field of heavy-duty gear and bearing 
lubrication is tabulated in a new 
12-page illustrated bulletin just re- 
leased by D. A. Stuart Oil Co., Ltd. 
Bulletin Lb-118. 


Hardness Testing 


A 4-page folder which has as ji;| 


purpose “to give you an idea og 
how practical a thing it is to mck: 
hardness tests on raw stock o 
fabricated metal parts in all plont 
where metal is worked, and to sug 
gest something of the necessity fo 
making such tests, or at least thei; 
importance” is available through th: 
Wilson Mechanical Instrument Co 
Inc. Bulletin Fb-22. 


Globar Elements 


Globar Pin Type Non-Metallic Elec 
tric Heating Elements and Terming 
Rods and Globar “AT” Type Non 
Metallic Electric Heating Element 
are explained and illustrated in tw: 
recent booklets issued by the Globo 
Division of the Carborundum Com 
pany. Bulletin Lb-25. 


Cutting Oils 


An interesting new booklet “Metc 
Cutting Lubrication—-In Theory an¢ 
Practice” has just been made avail 
able by Cities Service Oil Co. Bu 
letin Ec-113. 


Foundry Sand 


A pamphlet recently issued op 


TAM Foundry Zircon Sand and TAM) 


Zircon Flour contains detailed infor 
mation on these products of the 
Titanium Alloy Mfg. Co.  Bulletir 
Hc-90. 


Tremendous Trifles 


Another of International Nickel: 
instructive folders on Monel Meta 
covering actual case studies of the 
use of Monel is now available. Bu! 
letin Lc-45. 


Controlled Combustion 


Direct Fired Air Heaters which 
make possible Controlled Combus 
tion and permit wider range it 
oven and furnace operation are ex 
plained in a 4-page folder by the 
Despatch Oven Co. Bulletin Le-125 


Optical Pyrometer 


The first industrial Optical Py 
rometer to use the potentiomete' 
method of measurement is feature¢ 
in an interesting and instructive 
booklet published by Leeds $ 
Northrup Co. Bulletin Lc-46. 


Machining Data 








A new chart giving the correc 
grade of Kennametal for machinin¢ 
21 types of metals, with recom 
mended cutting speeds, has jus 
been made available by McKennc 
Metals Co. Bulletin Lc-238. 


Burners 


New and up-to-date bulletins > 
Eclipse Fuel Engineering Co. cove! 
ing many types of burners as we® 
as their complete listing of product 
are now available. Bulletin Lc-?2¢ 
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9cco Process 


The marvel of all heat treaters 
Tocco Process of Induction Hard- 

ng—is fully described in a color- 
folder by the Ohio Crankshaft 
Bulletin Lc-145. 


Arc Welders 


The three types of Marquette a.c. 
-c welders, in ranges up to 250 


mps., are illustrated and described 


n this folder. The machines feature 
streamlined design and 15 taps on 
the front panel which provide a 
wide choice of welding amperage. 
Marquette Mig. Co., Inc., Minneap- 
lis. Bulletin Ec-216. 


Heat Resisting Castings 


A 4-page folder on Pyrasteel, heat 
resisting castings, that shows appli- 
ations of special alloy steels and 
their analyses, also information on 
welding alloy steels, is available 
through Chicago Steel Foundry Co. 
Bulletin Cb-184. 


Insulation 


A 32-page catalog containing spe- 
cific information on all of the sheet, 
block and pipe insulations developed 
by the Johns-Manville Company is 
now available through that com- 
pany. Bulletin Fb-100. 


Lectromelt Furnaces 


The story behind lectromelt fur- 
naces is well told in this 48-page 
booklet issued by the Pittsburgh 
Lectromelt Furnace Corporation. Tells 
of development and recent improve- 
ments. Bulletin Db-18. 


Ampco Data 


An interesting bound volume of 
Ampco Engineering Data Sheets 
which give performance records and 
details about the six grades of 
Ampco Metal is now available. Bul- 
letin Fe-175. 


Model “Y” 


The Sentry Model “Y” electric fur- 
nace, using the Sentry Diamond 
Block method of heat treatment, pro- 
vides exceptional quality high speed 
steel hardening at minimum produc- 
tion cost. The furnace is described 
n Bulletin Oy-114. 


Multi-Point Pyrometer 


The Alnor Rectangular Type Py- 
ometer. designed to provide a rug- 
ed moderately priced instrument 
ith multi-point switch, is described 
a release by the [Illinois Testing 
tboratories, Inc. Bulletin Dc-180. 


Vanadium Steel 


Latrobe Electrite Vanadium High 
peed Tool Steel is described in 
Piterature released by the Latrobe 


Plectric Steel Co. Bulletin Kb-208. 


Prevention of Rust 


“Proof of Results” & the apt title 
of a new booklet issued by Dearborn 
Chemical Co. Dozens of photo- 
graphs, supported by an interesting 
text, show how No-Ox-Id keeps steel 
from rusting. Bulletin Mr-36. 


Stainless Steel Stock List 


A handy 16-page Stocklist show- 
ing size of Rezistal sheets, bars and 
welding rods carried in Crucible’s 
Mills and 26 branches is offered by 
the Crucible Steel Company of Amer- 
ica. Bulletin Kc-56. 


Electric Furnaces 


An 8-page booklet on high fre- 
quency heating for forging, harden- 
ing. brazing, etc., with general 
description of equipment has been 
issued by the Ajax Electrothermic 
Corp. Bulletin Kc-4l. 


Lubricant Economy 


Extreme pressure treated, high 
film strength lubricants, known as 
Houghton’s Sta-Put series, grouped 
and graded according to industrial 
machinery applications, are de- 
scribed in a well-illustrated booklet 
entitled “Less Oil—Less Often.” 
E. F. Houghton & Co. Bulletin Ab-38. 


Firestone 


A story of the origin and history 
of Buckeye silica firestone makes 
an interesting preamble to a com- 
plete technical discussion of the 
properties and applications of this 
refractory. Cleveland Quarries Co. 
Bulletin Ka-176. 


Ledloy 


A new cold drawn steel developed 
by Wyckoff Drawn Steel Company 
under the name of “Ledloy” is de- 
scribed in a bulletin just issued. 
Available in all standard S.A.E. 
analyses, this steel has interesting 
advantages. Bulletin Kb-99. 


Carburizing 
Compounds 


Aerocarb Carburizing Compounds, 
the new development of the Ameri- 
can Cyanamid & Chemical Corp.., 
are described in Bulletin Dc-148. 


Instruments Range 


From molten metal to motor cars 
a folder by Foxboro Co. graphically 
illustrates the wide range of appli- 
cations for Foxboro instruments in 
all production and processing opera 
tions. Bulletin Id-21. 


Alloy Castings 


Calite Chromium-nickel alloy cast 
ings for furnace roller rails are pic- 
tured and described in a release by 
the Calorizing Co. Bulletin Ec-26. 


Super Refractories 


A catalog of Chas Taylor Sons 
Co. is replete with useful data on 
P. B. Sillimanite refractories for use 
up to 3000 F. in electric furnace 
roofs and linings, induction furnaces, 
crucible furnaces, fuel-fired hearths, 
piers and linings, burner blocks, etc. 
Bulletin Ec-218. 


New Copper Alloy 


Mallory 333 metal, a new copper 
chromium.-lithium alloy, described as 
combining hardness with high con 
ductivity, is useful for welding elec 
trodes and other applications, ac 
cording to a bulletin of P. R. Mal 
lory & Co. Bulletin Ec-220. 


New High-Strength 
Steel 


This little book gives facts and 
figures on DYN-EL, a new high 
strength, flat rolled steel claimed to 
have unusual resistance to fatigue. 
impact and corrosion. Complete 
fabricating and design properties 
and table of sizes and weights are 
included. Alan Wood Steel Co. Bul 
letin Ec-225. 


Duriron 


A new bulletin on steam jets, 
ejectors, tank outlets and spray noz- 
zles has just been issued by the 
Duriron Co. Illustrated with photo 
graphs and dimension drawings of 
the equipment. Bulletin Gc-152. 


Refining Slag 


Purite made by Mathieson Alkali 
Works is stated to reduce metal 
shrinkage and casting losses and to 
improve general quality by forming 
a protecting and refining slag. Com- 
position, general instructions for use, 
and directions for use with various 
furnaces are given in Bulletin Ec-224. 


Bimetal 


Interesting facts about thermostatic 
bimetal are contained in an ex 
tremely well-prepared book by W. 
M. Chace Valve Co. Applications 
forms available, and how the mate 
rial acts in temperature control de 
vices are given. Bulletin Ec-232 


Plastic Testing 


Modern plastic material testing 
machines have been completed by 
Tinius Olsen Testing Machine Co. 
and are described in a colorful 
booklet just released. Bulletin Ec 
147. 


Furnace Experience 


Facts developed through 32 years 
of engineering and building prac 
tically every type of industrial fuel 
equipment can be obtained through 
Flinn & Dreffein Co. Bulletin Bc-82 


Vanadium Castings 


A 24-page bulletin well illustrated 
with more than 20 photographs con 
tains a complete description of the 
properties and applications of a 
number of vanadium alloy steels for 
castings where high strength is re 
quired without excessive weight or 
high cost. Vanadium Corp. of 
America. Bulletin La-27. 


Stainless Electrodes 


An attractive 16-page booklet 
printed in aluminum contains inter 
esting facts about stainless elec 
trodes, with particular attention to 
McKay “Certified” electrodes. The 
McKay Co. Bulletin Hc-248. 


Architectural Shapes 


Amply illustrated by excellent 
photographs and drawings of ex- 
truded architectural shapes, a very 
well made up bulletin on copper, 
brass, bronze and nickel silver 
architectural shapes and sheets is 
available from Revere Copper and 
Brass, Inc. Bulletin Id-239. 
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ARCOS MAKES the Stain- 
Electrode for your 
exact need, 28 analyses 
assure you that we have the 
precise welding rod for your 


less 


ie 
A — \ 
a particular job. 


Ten years of specialization has made ARCOS 
the recognized source for technical data pertain- 
ing to the welding of stainless steels and special 
alloys. 

If you are already using ARCOS Electrodes, you 
know the consistent extra value that comes in 
If you weld Stainless and have not 
ARCOS 
more 


every box. 
experienced this marked difference, try 
a job: or write today for 
ind remember, 


tomorrow on 
definite information. 





BROAD ST. 
PENNA. 


DEPT. A, 401 N. 
PHILADELPHIA, 


Hacos CORP 


“QUALITY WELD METAL EASILY DEPOSITED” 
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These Questions On 


FORGING METALS 


Can it be forged? 

What is most suitable steel 
Can non-ferrous serve? 
Does it machine readily in the 
heat-treated condition? 
How about the fibre direction? 


. and HUNDREDS more 


are fully answered in the 


v v v 


FORGING HANDBOOK 


By 
Waldemar Naujoks and Donald C. Fabel 


400 ill. 
_6x9 


630 pages 
Red cloth binding 


$7.50 
i 
published by the 
AMERICAN SOCIETY FOR METALS 
7016 Euclid Ave. Cleveland, Ohio 
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During the month of October, 226 Alloy Casting users called on 
the facilities of Driver-Harris Company. They were more inter- 
ested in quality than in price. Driver-Harris alloy castings in 
your high temperature equipment prove that every consideration 


has been given to quality and durability. 


D-H Castings are built UP to Quality, not down to Price. 
Specify *“*Nichrome”™ for your next 


heat-resisting problem 


DRIVER-HARRIS COMPANY 


HARRISON, NEw JERSEY 


Chicago - Detroit - - England - Franca 


Niclharome 


The dependable heat-resisting Alloy 
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6B POLISHERS 


FOR METALLURGICAL LABORATORIES 


Solve the problem of efficient, economical sample preparation. 
Vibrationless operation and selective speeds eliminate pit- 
ting. Interchangeable 8 inch diam. polishing discs increase 
peripheral speed latitude. Sturdy construction, comfort, and 
convenience have contributed to their unequalled popularity. 












A-B STANDARD POLISHER 
Selective speeds 575 and 1150 r.p.m. Vertical 
radial, and thrust ball bearing motor. 

A-B LOW SPEED POLISHER 


The ideal solution where slow speed polishing 
is required. Operates at 250 r.p.m. 





ASK FOR YOUR COPY OF “THE METAL ANALYST” 
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OPTICAL INSTRUMENTS « METALLURGICAL APPARATUS 
2286 NORTH LA SALLE ST.+* CHICAGO ILL. 


° TOOL STEELS PURE CARBIDE-FREE 


FOR EVERY PURPOSE Wael 
ONE for TWO — 


@» 
Side by side—the one - 
on a hot gear cluster in- 
sert—the other on a cold ae — -. 
stainless swedging die yANADIUM | 
one tool steel, Vulcan 
Q. A., for two decidedly Tungsten Powder .... 97-98": 

































eo different applications athens ... . enaen 
(-4') and doing a swell job . 
on both. Ferro-Chromium ... . 60” 
: 7 Pure Chromium... . . 98-99" 
Vulcan Q. A. likes ac lattes, anion 
‘em cold, hot, and ee eee ao 
tough! Ferro-Titanium .... . 25% 
Ferro-Vanadium .... 35-40% 
(1% Silicon) 






>= 
Metal & Thermit Corp. 


120 BROADWAY, NEW YORK, N. Y. 


| 
ULCAN 


CRUCIBLE STEEL CO. '5.!"" 


fatabtished 1900 


Albany * Pittsburgh + Chicago + South San Francisco * Toronto 
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Over a quarter of a billion dollars... 
that is the staggering amount J-M 
Insulations save American Industry 
every year by reducing fuel and 
refrigeration costs. And here is how 
you can be sure your plant receives 
its full share of this huge saving... 














HERE is only one way to assure maximum fuel savings 
and greatest operating efficiency ... that is by using 
the correct thickness of the right insulation for every 
service. 

And there is one sure way to solve the problem once and 
for all... call in a J-M Insulation Engineer. Let him study 
your requirements . . . if your present insulations are correct, 
he’ll tell you so. If not, he will prepare a complete recom- 
mendation showing the most efficient and economical types 
and thicknesses of insulation for every piece of equipment 


vt 


— — 
$11,000 ANNUAL SAVING —In 1927, the 
regenerators and flues of this open-hearth fur- 


nace in a large Ohio steel foundry were insu- in your plant. Furthermore, he’ll be glad to prove just how 

lated with Johne-Manville materials, applied they will give you better heat or refrigeration control and 

in accordance with the recommendations of a : . 

J-M Insulation Engineer. The net fuel savings save you money far beyond their cost. 

nig pt ot been more than 400% of the Back of these engineers stands Johns-Manville’s 80-year 

cost of insulation.  s ‘fire 
leadership in the development and manufacture of insula- 

tions . . . the largest, best equipped Thermal Insulation 
Laboratory in the world . . . and a complete line of insulating 


materials in block, brick, cement and pipe-covering form for 
every temperature, for every service condition. 

Why not phone for a J-M Engineer today? His services are 
free ... and you'll find one or more in every large city through- 
out the country. Or, for complete details on J-M Insulating 
Materials, write for Brochure IN-55A. Address Johns 
Manville, 22 East 40th Street, New York, N. Y. 






JIM Johns-Manville 


INDUSTRIAL INSULATIONS 


for every temperature ... for every service condition 





SAVING FUEL, INCREASING EFFICIENCY 
—This power plant is typical of hundreds 
all over the country that are saving thou- 
sands of dollars in fuel annually because 
all their equipment and piping is cor- 
rectly insulated with the right types and 
thicknesses of J-M Insulations. 
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MODERN ANALYSIS 


Modern Analysis places the 
, chemical laboratory out in 
: the front. Quick returns 
make the laboratory an im- 
portant producing division of 
the plant. Find out what is 
happening rather than what 
has happened. 
Obtain accurate carbon deter- 
minations in two minutes with 
the Carbon Determinator. 
Secure accurate sulphur deter- 
minations in two minutes on 
ferrous and non-ferrous 
metals and other sulphur 
bearing materials with the 
Sulphur Determinator. 





SPECTROGRAPH 





The ARL spectrograph is fast and accurate with con- 
stant dispersion and resolution. 

A complete line of spectrographic equipment—Spark 
Unit, D.C. Are Unit, A.C. Are Unit, Densitometer, 
Plate Dryer, Developing Machine, Calculating Board 
and Specimen Mold—is available. 


Write for Modern Analysis Catalog 


HARRY W. DIETERT CO. 


9330 Roselawn Avenue Detroit, Michigan 




















SS=THE SIMPLIFIED 
YRO onticat prnometer 






YOU CANNOT AFFORD 
dl NOT TO — ONE! 


a asW aste ar 


— tealf a PYRO is 


rie 
“FOL NDR’ ryVil 
gx rRUE SPOUT ar POUR 
ING TEMPERATURES f ter ron ar 
teel when ! asure the I 


Stock ranges 1400° F. to 5 I 


PYRO RADIATION PYROMETER 


The deal ir I nace, Kiln or 
Stee treating t Gives actual heat of 


aside 
irnace 

re 

t re 
a skilled 

trict 

A 
ways read to te ithin a few w# 8 any 
short g i v equipme! Stock 

Ranges 1000° to 3600° F 
Write for special bulletins 


The Pyrometer Instrument Co. 


107-109 Lafayette St.. New York, N. Y. 
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Correspondence 


Continued from page 762 


crucible. The crystalline appearance of the sui 
face is due to a very thin, non-adherent film of 
nickel oxide that arose to the surface of the 
liquid during the melt. 

Finally, 1 


ance of a 20% 


ig. 6 (page 762) shows the appeat 
nickel austenite, after prolonged 
etching in boiling ammonium persulphate. This 
reveals within the grains the initial dendritic 
network, but also produces stripes or ripples. 
which give an unaccustomed eutectic appear 
ance to certain grains. 

It may be seen, therefore, that when etching 
methods producing colored films are used, pecu 
liarities that may be the source of errors in 
interpretation may well be superposed on the 
micrographical characteristics revealed by ordi 
nary etching methods. 


ALBERT M. PorTevin 


Electroplating and Finishing 
(a correction) 
N the review of electroplating and finishing 


Meral 


PROGRESS, page 383, the writer stated that there 


published in the October issue of 
was some question about the continuation of 
the research work being carried on at the 
Bureau of Standards under the auspices of the 
American Electro-Platers’ Society. 

It has since been decided that the work on 
the development of specifications for electro 
plates on non-ferrous metals will be completed 
and published. In addition, plans are unde: 
consideration for further work on some new 


problems. AboLPH BREGMAN 
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Finish and Tool Life are Determining Factors in Choice 
of “Service Proved” Oils for this Manufacturer. . . 


‘In all our operations, including 
forming, threading, tapping, and 
drilling, we use Cities Service Cutting 
Oils with very satisfactory results, s¢ 
curing excellent tool life and finish,” 
writes the purchasing director of the 
Apex Electrical Manufacturing Co 
This is but one of the many plants 
where Cities Service Cutting Lubri 
cants have earned the title ‘Service 
Proved.’’ They have been in use here 


r’iease § 


| 

| 
FREE! | ea 
Just Clip | 
and Mail | 


December. 1939: Page 799 


for over five years and have con 
Why 


not give them a trial in your plant? 


sistently proved their value 


Preferably with the consultant aid of 
lubrication engineers 
There is no charge for this service. Mail 
the attached coupon for full details 


one o! our 


Or, if you desire a copy of our new 
Booklet, ‘‘Metal Cutting 
tion In Theory and Practice,”’ just 


~ 
fill out the 


Lubrica 


; 
upon be Ow 


CITIES SERVICE OIL CO. | 
Sixty Wall Tower 


Room 1626 M, New York | 
, { f e . 
M ‘ ' 

| 

| 

_ i an. 2 ah ae en a a ee oe all 








ANGBORN @ 
“THERE IS NO SHORT- 
CUT TO EXPERIENCE” 









ROCKER BARREL SPECIAL MACHINE 


ROTOBLASTING 


Pangborn ROTOBLAST Barrels, Tables and Cabinets are 
producing cleaning room economies of major importance. 
Why? Because ‘there is no short-cut to experience like 
Pangborn’'s” . 35 continuous years of exclusive service 
designing, building and servicing BETTER and BETTER 
Blast Cleaning Equipment. Specify ROTOBLAST. 





AUXILIARY TABLE DUST COLLECTOR 


DusT COLLECTING 


The Pangborn all-steel, cloth screen Dust Collectors are 
paying BIG DIVIDENDS daily to owners of more than 
4600 installations.. The improved rapping mechanism, 
the wire-lined cloth screens, the ‘‘quick-seal” used to 
hold screens to grid partition are but three of the four- 
teen outstanding features found in Pangborn Collectors. 
Write for Bulletin No. 197. 








MANUFACTURER OF BLAST 
EQUIPMENT 


HAGERSTOWN, MD. 


WORLD'S LARGEST 
CLEANING AND DUST CONTROL 





PANGBORN CORPORATION e 


| 


The Bright Spot- 
nn lites ti OF STEEL PARTS 









é jl OUD 
el COUOs 
KE N N IN M FIAL (The Steel-Cutting Carbide) 


INCREASES PRODUCTION OF YOUR LATHES AND BORING MILLS 


Unequalled in the machining of forgings, bar stock or castings of car- 
bon, alloy or stainless steels, also Monel metal and malleable iron 
@ Cuts two to six times faster than high speed steel @ Requires less 
down time for re-grinding and re-setting tools @ Roughs and finishes 
in one cut @ Takes interrupted cuts without breakage @ Machines 
unannealed stock heat-treated up to 550 Brinell. 


Your profit is made at the point of a tool. Speed up production, 
get the full value from your machine investment . . insist on 
KENNAMETAL -tipped tools. Write for complete information today. 


AVENUE 
PENNSYLVANIA, U.S.A. 


LLOYD 
LATROBE, 











INDUSTRIAL 
| FURNACES | 
| of all kinds 


FORGING, HEAT TREATING. METAL 
MELTING, ETC. 
* 


CAR TYPE FURNACES, CONVEYOR | 
FURNACES and the STEWART GASIFIER | 

. | 
A Stewart representative is located near you. Let us | 


know and we will see that he gets in touch with 
you quickly. 


CHICAGO FLEXIBLE SHAFT CO. 


1104 South Central Avenue, Chicago, U. S. A. 
FLEXIBLE SHAFT CO., Ltd., 321 Weston Rd., $., Toronto, Ontario, Can. 
| Eastern Branch Office: 11 W. 42nd St., New York, N. Y. 

} 
ee 
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in the ladle 











Items of Interest 


How Calcium-Manganese- 
Silicon Improves Steel 
Castings... 


ALCIUM-MANGANESE-SILICON combines three 
& powerful deoxidizers in one alloy. It is more effec- 
tive as a deoxidizer and scavenger of steel than separate 
alloys containing these elements. Added to cast steel 
it dissolves readily in the molten metal, 
cleanses the steel rapidly and thoroughly, removes dis- 
solved gases, and forms a low-melting, fluid slag. Pin- 
holes and porosity are minimized. Clean, sound castings 
with improved ductility are the result. 

Ask to have one of our metallurgists call and explain 
further how calcium-manganese-silicon as a ladle deoxi- 
dizer improves steel castings. He will gladly help make 
your use of this and other ““Electromet” ferro-alloys prof- 
itable. Electro Metallurgical Company, Unit of Union 
Carbide and Carbon Corporation, 30 East 42nd Street, 
New York, N. Y. In Canada: 
Company of Canada, Limited, Welland, Ontario. 


Electro Metallurgical 








bout other “ Electromeg+ 
Ferro-Alloys 










Zirconium Improves Green 
Sand Castings — Green sand cast- 


show 
sizes 


ings treated with zirconium 
fewer pinholes, smaller grain 
and less segregation of impurities at 
the grain boundaries. This produces 
a uniform texture free hard 
spots, and improves machinability. 


from 


Calcium-Silicon Simplifies Pour- 
ing of Steel Castings — Calcium- 
used as a ladle deoxidizer 
steel and increases its 


silicon 
cleanses the 
temperature and fluidity. Steel treat- 
ed with calcium-silicon flows freely 
right to the end of the 
riod. This simplifies pouring practice. 


pouring pe- 


Silico-Manganese Helps Make 
Clean, Uniform Steel at Lower 
Cost — Silico manganese deoxidizes 
steel quickly and thoroughly, leav- 





ing it clean and ready for tapping in 
10 to 15 minutes. This rapid deoxi 
dation, together with the low carbon 
content of silico-manganese, saves 
furnace time and permits close con 
trol of final analysis. Thus clean, uni- 


form steel is obtained at lower cost 
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Medium-Carbon Ferromanga- 
nese Shortens Furnace Time — 
When 


nese is used instead of standard fer 


medium-carbon ferromanga 


romanganese in the production of 


low-carbon steel, oxidation of the 


bath need not be so severe because 


medium-carbon ferromanganese adds 








about one-sixth as much carbon to 
the bath as the standard grade. As a 
result, the heat can be made in from 
one-quarter to one-half hour less 
time. 


Vanadium Increases Strength 
and Toughness of Nickel-Steel 
Castings 
a series of tests showed that the ad 
dition of 0.10 per cent vanadium to 


-The averaged values of 








nickel steel raised the yield-point 
69.900 Ib 
per sq.in., and the Izod 
impact from 35.5 to 74.3 ft-lb. Elon 


je) 


< 


strength from 53,450 to 


increased 
area wert 


gation and reduction of 


also slightly increased 


If you want more information about 
other “Electro 


metals and 


these and the many 
met’ 
the service that goes with their pur 
write for the booklet, ‘Electro 


met Products and Service.’ 


Electromet 


Ferro-Alloys & Metals 


mark of Electro Metallurgical ¢ 


ferro-alloys and 


chase 








PRODUCT OF A UNIT OF 


UNION CARBIDE AND 
CARBON CORPORATION 


























ECLIPSE POT FURNACES 


Gas Fired 
DETAILS WHICH INSURE GOOD PERFORMANCE 


THE CONTAINEF BURNERS 

5 i steel ng ng life McKee Burners ised in onjunction 
with properly designed preburned 

sistent service Thin section gives ymbustion blocks insure satisfactory 


apid heat conductior peration 


FLUE BOX 


Old style ast iron flue 
has been replaced with 
efractory tined flue 
box 


BOTTOM 


Heavy top and bottom 
castings are of cast 
iron Expansion ring 
n top casting elimi 
nates infiltration of 
lead or salts into fur 
nace combustion cham 
ber 











FURNACE PROPER 
Outer shell ‘“% steel 


refractory lin 
42" backed with 
insulation to form 


combustion chamber 


McKee Control Valve and Pressure Blowers are Available in a Wide Range of Sizes for Use with Eclipse Furnaces 


McKee Proportional Mixers, Standard on all Furnaces, Insure Proper Furnace Atmosphere and Maximum Fuel Economy 


ECLIPSE FUEL ENGINEERING COMPANY, Rockford, 1. 


MANUFACTURERS OF ALL TYPES OF 


INDUSTRIAL FUEL EQUIPMENT 








The latest, most up-to-date information on the man- 
ufacture, inspection, treatment and uses of Modern 
Steels is contained in this new 350 page book. Writ- 
ten by the authorities shown below, the book contains 
150 interesting illustrations covering the useful points 
brought out in the text. 


M,. W. Lightner, Chief Metallurgist, Homestead Works 
Carnegie-illinois Steel Corp. 
G. R. Fitterer, Professor of Metallurgy, 
University of Pittsburgh 
Ernest E. Thum, Editor, Metal Progress 


AUTHORS 





STEELS 


Chapters cover raw materials and pig iron ... steel 
making processes... steel pouring... hot working 

. inspection and testing . . . metallography . . . heat 
treatment... alloy steels . . . stainless steels . . . and 
toolsteels. 


Franklin H. Allison, Jr., Chief Metallurgist 
United Engineering & Foundry Co 
A. W. Demmiler, Metallurgist, 
Vanadium Corporation of America 
J. P. Gill, Chief Metallurgist, 
Vanaedium- Alloys Steel Co 





American Society for Metals 
7016 Euclid Avenue 
Cleveland, Ohio 


Gentlemen: Please send me a copy of your new book, MODERN 
STEELS. | am enclosing $3.50 in cash( ), money order( ), check ( ). 
NAME . 

ADDRESS 

CITY eee 








MANUFACTURE 


TREATMENT INSPECTION 
USES 
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In Close Touch with Industry's Needs 








bin most important factor in 
Linde’s relations with industry 
is the ability to help customers use 
Linde products to do a better job. 
For this reason, the Linde field 
organization keeps in close touch 
with industry's ever-changing needs 
and problems. Then. out of the < 
Linde laboratories. come the new 
processes, new materials, or new ap- 
paratus to do the required job. 
Linde’s procedure for helping 
customers use these developments 
to best advantage is known as Linde 
Process Service. This service takes 


many forms, but whatever the form 





extended to vou. it is designed to 


help vou get highest returns on your 


investment in Linde products. As 
rl | . | s | HARD-I ACING Wearing parts new of old can be 
e Inde representative who 
a tell ' made to last from 2 to 20 times longer by applying a 
calls on vou can tell vou more abou 
, surface or edge of abrasion-resistant metal. This proe- 
how vou can take full advantage of urface or edge of abrasio . ; 
Linde service. The Linde Air Prod- ess often permits use of cheaper base metals, salvages 
ucts Company, Unit of Union scrapped parts, and saves lost production time due to 


Carbide and Carbon Corporation. shut-down for replacements. Linde men can show you 


Offices in principal cities. how to use the oxv-acetvlene flame and Haynes Stellite 


hard-facing materials to save money. 














THERE IS MORE TO 
THAN “EVERYTHING FOR WELDING AND CUTTING” 





OXYGEN LANECI A valuable means GLASS FINISHING——another Lind WRINKLE-BENDING \ fast, e 

of using oxygen and a steel pipe to cut developed acetvlene process  whiel nomical, oxy-acetylene process for 
steel or iron of practically unlimited “flame-finishes” tops of beverage bending pipe. It produce 1 smooth 
thickness. Linde men can shew vou bottles to eliminate roughness. Thi- long-sweep bend which does not thin 
where and how to apply this process to prevents chipping and consequent “flat or stress the pipe wall or obstruct flow 
save time and money. ness” of contents after capping. Linde men can show you how to do it 


LINDE OXYGEN + NITROGEN + HYDROGEN + RARE GASES AND MIXTURES * UNION CARBIDE 


PREST-O-LITE ACETYLENE * OXWELD APPARATUS AND SUPPLIES * UNIONMELT WELDING 
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HOW A TAM PRODUCT INSURES CLEAN 
CASTINGS OF HIGHLY ALLOYED STEELS CHAR PRODUCTS COMPANY 


MERCHANTS BANK BUILDING INDIANAPOLIS 


The burning in of mold and facing sand where 





metal is poured at abnormally high temperatures ts 
a constant source of increased cleaning costs. This ts 


particularly true of highly alloyed steel castings- and 


is accentuated where the casting has fine detail such 
as internal threaded cores. ELECTRIC FURNACES 
TAM Foundry Zircon Sand offers a practical method 
for preventing embedded sand, and the subsequent 
labor of chipping and cleaning. Highly resistant to 
extreme pouring temperatures, TAM Foundry Zircon 
Sand does not warp, requires a minimum of venting, 
yields clean, smooth castings with practically any type 
of metals—nickel-chrome steels, 18-8 stainless steels, 
in fact, with any of the highly alloyed steels ...Can be 
used for the entire mold or as a facing sand, backed 


by ordinary sand ... Has high reclamation value. 


TAM Foundry Zircon Flour, used as a mold wash 
where ordinary flours tend to burn in, is another 
valuable adjunct to better foundry practice. Full par- 
ticulars on request. Titanium Alloy Manufacturing 
Company, Niagara Falls, N. Y., U.S. A. 

Type-10 Heroult Furnece with 


gantry-type removable roof for 
overhead bucket charging 


Look to l TSE them for efficient melting and refining of all kinds 


of ferrous materials by either basic or acid process 
including alloy, tool and forging steels, iron and steel cast 


ings. Any capacity from ' ton to 100 tons; removable roof, 
chute, machine or hand charging. 
AMERICAN BRIDGE COMPANY 
General Offices: Pittsburgh, Pa 
the 


for better metals 








Columbia Steel Co., San Francisco, Pacific Coast Distributors 
United States Steel Products Co., New York, Export Distributors 


UNITED STATES STEEL 
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Yi chose ade 


REG US Pat OFF 


COPPER PLATING pnocess 


prepared from ney 
purer Hirsch e ’ 


a pe 
peed Plating Salts 


Deep recesses and 
partially shaded 
areas receive better 


deposition of protection because of 


Other metals ! 
such as Nickel. i excellent throwing 


power of solutions. 


E. |. pu Pont DE Nemours & Co. (INC.) 


— Electroplating Division, Wilmington, Delaware 
SALES OFFICES: 
ELECTROPLATING Chicago, Ill. Detroit, Mich. Niagara Falls, N.Y. 
CHEMICALS - PROCESSES - SERVICE Cleveland, Ohio New York City El Monte, Calif. 
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SEL-CAR 


Simplifies Heat Treatment 


Sel-Car Solves Two of Your 
Major Problems in the 
Heat Treatment 
of Steel: 
i—Forms a positive seal for Selective 

Carburization of low carbon steels at 


any recognized carburizing tempera- 
ture. 
2—-Provides surface protection of steels 


susceptible to decarburization and 
scaling during heat treatment. 


(a) Molybdenum Hi-Speed Steels 


(b) Tungsten & Cobalt Hi-Speed 
Steels 
(c) Air Hardening, non-deforming 


Die Steels 
(d) Hi-Carbon, High-Chrome Steels 
(e) Silico Manganese Steels 
(f) All Molybdenum Steels. 
Should be used on all steels hardened at 
temperatures over 1500 degrees F. 


Samples of “SEL-CAR” will be sent so 
you can give it a trial in your own shop. 


National Copper Paint Patents 


Bulletin No. 108 
ee 





“SERVITE” 
Pressed Steel Pots 


For: Lead, Salt, Cvanide Oil Tem- 


pering, Metal Melting 
All Standard Sizes 


Seamless 


Uniform Quality is Maintained in 
Every Pot 


Bulletin No. 42 


CLAUD S. GORDON COMPANY 


Cleveland - 
(CONSUME STS ye A RIT A SOE Cm 


Chicago - Indianapolis 





$s 


eveid 
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The above view shows the 
straightening and testing machine with 


the FE. F. furnace and quench in background 


Another Unusual Production Problem Solved by E. F. Engineers 


This outstanding continuous three-unit heat treating, This equipment was designed several years ago by 
rod straightening and ‘‘proof testing’’ installation E. F. engineers and, since its installation, has been in 
consists of practically continuous operation. It has a number of 
(1) An automatically controlled continuous con- unique features and is another example of how E. F 
veyor type gas fired furnace. engineers apply laboratory precision and control to 
(2) An ingenious automatically controlled quench- production heat treating problems. It was the first 
ing machine which mechanically pulls the rods successful, continuous equipment of this type built 
from the furnace, holds them in a jig while for this purpose, however somewhat similar in- 
immersing them in the circulating quenching stallations have since been made. 
medium, and 
(3) A straightening and testing unit which stretches As specialists in designing and building all types of 
the rods at draw temperature—eliminates any furnaces—electric as well as fuel fired—we invite 
> you to submit your furnace and heat treating prob- 
crookedness and also tests for any possible foms to our enpettenced encincen fer promt 
defects. attention and the correct solution 


He build 


de ELECTRIC 


WN ELECTRIC & FUEL FIRED 









FURNACE Ca. 
Winaces = 


SALEM, OHIO 





wy... teeming with appreciation of your 


cooperation and many courtesies this past year, and 


we steel this opportunity to express our thanks . . . it 
is our hope that as you sit before your open hearth 
this Christmas Day, your every care will melt in its 
soul-satistying heat so that you can roll into the 


New Vear with confidence and mold it to your liking. 


THE GATHMANN ENGINEERING COMPANY 


Emil Gathmann, President 


GATHMANN INGOT MOLDS 














